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PREFACE 


In this book, the authors have endeavored to present the 
lundamentals of engine construction, operation and main- 
tenance in a form wjiich may be readily grasped by a beginner 
in the field. In addition, there has been inclucjed reference 
material which should be of value to the expert engine 
mechanic. 

There is no intent to supersede or replace the manuals pub- 
lished by the various engine manufacturers. In most cases, 
instructions are general rather than specific. 

Every eliort has been made to insure the accuracy and 
authenticity of all information. In this connection, grateful 
acknowledgment is made to the various manufacturers of 
engines and accessories who have cooperated so whole-heart- 
edly in supplying data concerning their products, and whose 
names will be found where these items are discussed. 

DANIEL [. BRIMM, Jr. 

H. EDWARD BOOGESS 




INTRODUCTION 

In order to use this book to the fullest advantage, the reader should 
understand the system employed in breaking the text into small units. 

In addition to the chapter divisions, three types of subdivisions will he 
fountl. Most of the chapters are divided into sections, which arc ilesignated 
by titles in capital letters in the center of the page. For example, in the 
chapter on Ignition, the section which deals with magnetos is identified thus: 

MAGNETOS 

G'he .sections are broken into sub-sections, indicated by capital letters on 
the left margin. An example of a sub-section under magnetos would be: 
THE S CIHTILLA MAGNETO 

The sub-sections are further divided into topics, designatcel by untlerlined 
titles at the beginning of the paragraph, in this manner: 

Adjusting Brea ker Points — By the use of this system of 
subdivisions the material is separated into small coherent units which make 
for sim{dified study and quick and easy reference. 

Figure numbers do not run in .sequence through the book but begin with 
“Fig. I” in each sub-section. Wherever possible, the illustrations are im- 
mediately adjacent to the portion of the text in which they are discussed and 
in no case are separated from it by more than one page. 

It has been the experience of the authors, in giving instruction to hundreds 
of young men, that the average beginner is greatly in need of training in 
the nature and u.se of many fairly common tools. Since the first reciuirement 
of a capable mechanic is to handle tools properly, the rather hirge chapter 
devoted to this subject is considered well worth while. 

Without intent to preach, a few words of caution should be included here. 
The power plant is probably the most important .single unit in the airplane, 
and the failure of any part of it is likely to have .serioirs, if not fatal, results. 
It is impt)s.sible to give ab.solutely specific instructions concerning every detail 
which may fall into the engine mechanic’s field of duties. However, three 
simple rules are sufficient to guide and govern the entire activity of this 
resix)nsible position, and if strictly observed will result in efficiency, profi- 
ciency, and safety: 

First, be sure that you know how to do a job before you start it. 

Second, do each job to the absolute best of your ability. 

Third, finish the job before you leave it, unless its condition is obvious. 
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CHAPTER 1 

PRELIMINARY CONSIDERATIONS 


While some of the engineering involved in aircraft engine de- 
sign is extremely advanced, the rudimentary principles may he readi- 
ly understood by anyone with a knowledge of simple multiplication 
and division. It is essential for the individual who desires to be- 
come a first-class engine mechanic to be familiar v/lth these princi- 
ples, which are briefiy explained in this chapter. Incliaded also are 
definitions and explanations of such terms as the student needs to 
know at tills time. Tlie information given below should be read care- 
fully and absorbed tlioroughly before proceeding further. 

WORK AND r O’.VER 

In sci'antiflc lancPiage, work is the product of a force multi- 
plied by the distance through which the force acts. For example, if 
a man lifts a wei.h'it of 100 pounds to a height of 3 feet, the amount 
of work dona is 300 foot-pounds, since a force of 100 pounds has 
been exerted through a distance of 3 feet. Thus, in the United 
States, the unit of woi'k is the foot-pound , usually abbreviated to 
ft. lb. 


A falx‘ly strong man could lift the hundred pounds three feet in 
one movement. Tho time required would be, perhaps, one second. On 
the otlier hand, a system of pulleys, or what is commonly called a 
block and tackle, might be arranged so that a small child could al- 
so, by pulling on a rope, lift the hundred pounds the distance of 
three feet so accomplish the same amount of work , but the time 



required would be much greater, 
perhaps four seconds. It is ob- 
vious that the man, lifting the 
weight unaided, exerts much more 
power than the child. From this 
it may be readily understood 
that power Involves the time 
element and is always expressed 
work per unit of time . In the 
case of the child, since the 
time required for lifting the 
weight is four times as great, 
the power Is only one-fourth as 
much, or, 75 ft. lbs. /sec. (Fig. I) 

The unit of power Is the 
horsepower . This has nothing to 
do with a horse, though it is 
probable that the expression was 
originally determined by the a- 
5 , mount of work a horse was con^ 


sidered capable of doing within 


n specified time. In any case, one horsepower, as used in engineer- 
ing, is the power required to lift a weight of 33,000 Ihs. a height 
of *1 ft. in 1 minute, or 33,000 ft. lbs. /min. If it is desired to 
express this in terns of seconds, it is obvious that the weight must 
be reduced to one-sixtieth as much. Hence, a horsepower may also be 
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defined as 550 ft. Its. /sec., since 550 is oruj-sl.x t letli or 
It should be remembered that as long as the pro due t of tljo vjoj^.dit 
and the distance is the same, these quantities may''*’™be at 

will without affecting the amount of work done, or the amo\ant of 
power Involved. Thus, if 1 lb. were lifted 55,000 ft. In 1 ra1ntU;e, 
the power exerted would still be 33,000 ft.lbs ./rnin. As a matter of 
Interest, it is estimated that a man can develop only nl'out one- 
tenth of a horsepower for any appreciable period of time. 



So far we have considered the force as used in lifting a 
weight. However, force may be exerted in any direction. tk)r”:c:nnfa^^ 
if a large object is dragged along the ground, the line of action of 
the force is approximately horizontal. If a spring scale wore at- 
tached to the object and it were dragged by pulling on the scale, 
the scale would, of course, register a certain mimber of poun^'is. The 
nximber of pounds so indicated would be the force roquiroti to i'lrag 
the object. This could be expressed in terms of power by inclnhln'’’’' 
the time required to move the object a given distance. (i^g. IX) * 


airplane is in flight, the air is constantly tonulng to 
hold It back. This resistance of the air must be ovorcome by the on- 
For example, if the airplane is moving at 220 ft. per second 
(which is 150 miles per hour) and the resistance caused by the air 
is 250 lbs., the power required is, of course, the product of 220 

55,000 ft. lbs. /sec. Since 1 horsapowar is 
lbs. /sec., it is obvious that the horsepower reqviirod to 
maintain this spaed Is 55,000 divided by 550, or 100 horsepower. 

HEAT EHERG-Y 

Work may be converted Into heat and oonversoly, heat contains 
energy which Is equivalent to a certain amount of work. Since this 
Is the case, heat may be measured not only in bent units but also In 

t nermal unit , abbreviated, b.t.u. One b.t.u. Is the quantity of henf 
required to raise the temperature of 1 lb. of water throu-h 1 deJre^ 
Fahrenheit It Is equivalent to 778 ft. lbs. of work! The'-'y/Zr^ 

^rgreafr h°^t co^ipleLl/tomed^^wl GaaillnS 

^ the generation of heat. The oxygen Is, of course ^aunollarfrom 
the air so that combustion requires both fuel, and air. tSf quantlt? 
Of air needed being much greater than the quantity of fuel. Under 
ordinary operating conditions a gasoline engine uses about fifteen 
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pounds of air to each pound of fuel. 

LAWS_rKH'rAll'IINCI TO GALE S 

'Pile tv/o '.lioet: important laws governing the expansion and com- 
prossion of are known as Boyle's and Charles' Laws resp)ective- 
ly . Altliough tliese laws do not hold absolutely true with respect to 
peiTi.'niont. rases, tlu..gy are sufficiently accurate for practical pur- 
poses. 

Boylo ' s Law is tkiat the pressure of a given mass of gas, at 
constant temperature:; varies inversely ns the volume. In other words, 
if the tempt^rat.ure of tiie gas is not changed, the pressure will in- 
crease a a t}io voiumo is decreased; and the pressure will decrease as 
tl 1 e vo li im e ,U5 1, n r, re ?' 1 3 e d . 

The word "imiss" may be considered as meaning weight, although 
sclentifiCAlly there Is a distinction between the two. The distinc- 
tion may bo unuerst.oooi by remembering that the weight of a body is 
s:linply the force with wlilch the earth attracts it, and is slightly 
greater at the poles than at the equator, due to the fact that the 
poles are a lit Me nearer the center of the earth. The mass of the 
body nevar varif'S, whether it is on the equator, at the pole, or out 
in space. 

Charle s ' ^.iw stiatos that when a gas is allowed to expand under 

C 0 T)stant pressure, an increase in the temperature w'lll cause a pro- 
portionate incre.'iae in the voimne. It la this principle which causes 
the gas in the cyidraier of an engine to expand when it is heated by 
its own combustion. 


Tlu) conv'irsc of tbils law, namely that expansion of a gas is ac- 
companied b*y a drop In tempera turo, also holds true. This fact ac- 
counts for tdas doorcase in the temperature of the intake manifold of 
nn engine wlien ttic fuel vaporizes and expands. 




wTtVs*”*:’!;''! .fVM’-’-V'Oirig definitions and explanations in mind, we can 

now daflne an engine us a device for converting heat energy into 
me c hrupi cj wo rj- ■ engines with which we are concerned, this 

Is '"a\-v.nTm|7ri’'slrT^^ by means of a cylinder , a piston , a connecting rod 
and indicated in Pig* 111. Camhus/-ton Chambmr^ 

Preestire ''.in t’hrr'’c;ombvi3tlon chamber of the 

space above tb.o piston moves the piston 
down. This movement in a straight line is 
converted Into rotary motion by means of 
the connecting rod and crankshaft- Such en- 
gines may have one or a number of cylinders. 

In tht) criso o,r the in ternal combustion e n- 
gin e , whlcii is the" only klrid useTd ifi air- 
craTt, the heat is generated Inside of the 
engine Itself - hence the name. An example 
of the external combustion type is the 
steam engine, In which the heat is entirely 
separate from the engine proper and is used 
simply for the conversion of water to steam. 

In the steam engine the pressure of the steam against the head of 
the piston operates the engine. In the case of the internal combua- 
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tion engine^ pressure Is produced inside of the cylln.ier wlien com- 
bustion takes place, for it is a characteristic of gases to expand 
when they are heated. Since the gas is confined in the cylinder, this 
expansion causes a pressure on the head of the piston and forcra it 

The requirements of the airplane engine are nicu'e rial d tiian 
those of any other type of power plant. It must be 

tion to its power , since an airplane can carry only" 30"“ milch “totHT 
weight. Hence, the greater the weight of the engine nnd tlie st'ruc- 
ture, the lower the payload and accordingly the lower the efficiency 
of the airplane. The airplane engine must be capable of r;nmlnr at 
or near its maximum power for long periods without undue cic ter io ra- 
tion. The average automobile engine is seldom run at full power and 
during most of its operation is called upon for imich less tluin iialf 
the power it is capable of producing, since speed limits and traffic 
conditions obviously prohibit driving a car at its maximum speed. 
There are no such restrictions on an airplane. The airplanes engine 
must be compact, both to eliminate air resistance and to leave as 
much space as possible for crew and cargo. It must run smoot hly , 
since vibration is disagreeable and furthermore causes rnriu’e "^Vrbuse 
of the engine mount and other portions of the power plant- This 
smoothness must exist both with respect to the evennes s o f the power 
impulses and the balance of the moving parts. It Is for IdiTs'T'ofrson 
that the cylinders are arranged to fire in a certain order and the 
reciprocating parts are counterbalanced. (These iruitters will be dis- 
cussed in detail later.) The engine must be flex ible, that is, 
capable of supplying Increased power in a minimum of'’Xfme. it must 
be easy to maintain and the cost of such maintenance must be kept as 
low as possible. Likewise the initial cost of the engine must not be 
excessive. Last, and most Important of all, the airplane must be 
absolutely reliable , for, in a single engine airplane. If the engine 
stops, a forced landing, with possible disastrous consequences/ will 
result. Even in a multi-engine ship, the failure of one engine ro-' 
suits in a tremendous loss of efficiency. 

J^’LIELS 

Detailed specifications for fuel and oil will be found In a 
later chapter. Some preliminary knowledge of fuel, however, la nec- 
essary to understand the terms and principles to be explained. 

While fuels in powderea form have been used for internal com- 
bustion engines - in fact, it is believed th£it the first one was op- 
erated on gunpowder - all airplane engines are desi^p:ied to use liq- 
uid fuels, the most common being gasoline and fuel oil, both of 
which are derived from crude petroleum. The use of fxaal oil in at 
present confined to Diesel engines, which are uncommon in aircraft 
In the United States but are employed to some extent in Europe. 
Practically all of the American aircraft engines use gasoline. Con- 
siderable thought has been given to alcohol as a fuel for internal 
combustion engines, chiefly due to the fact that it can be manufac- 
tured in unlimited quantities, whereas crude oil, from which gaso- 
line is derived, is a natural product that is gradually being used 
up. Mixtures of alcohol and gasoline have been used with a fair 
measure of success. The chief disadvantages of alcohol are: its low- 
er heat energy (about 60 ^ that of gasoline); its weight ilb% to 20 « 
more than gasoline); its hygroscopic properties (absorption of mois- 
ture from the air); difficulties in starting with engine cold; rust- 
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luF. v^ear oV cj/ilndera, due to its poor lubricating properties 
and its moisture content. 

One of the specifications of gasoline which should be discussed 
at this time Is the octane rating. For satisfactory operation of a 
gasoline engine, th- cf-nii uation s’h.ocld be progressive; in other 
words, trie flame should spread smoothly from the point at which the 
fuel Is It^nit.ed throughout the remainder of the charge. If, instead 
of this smooth spread of flame, a simultaneous explosion of all 
parts of the cViarge of fuel occurs, a phenomenon known as detonation 
or knocking will result. Detonation is difficult to describe, but 
once heard can be readily recognized. It is frequently referred to 
as ’’pinging*’ because of Its metallic clinking sound. 

Detonation causes loss of power, over-heating, Increase of wear 
and Incrtaase In the fuel required. It may be eliminated by using 
anti-knock comTHumd, the most conmion of which is tetra-ethyl lead. 
Gasoline which has boon mixed with this chemical Is called ethyl 
gasoline, and is highly poisonous. The anti-knock properties of a 
given gasoline are exi-ressed by its octane rating, or octane number. 
This octane numV»er is determined in an engine specially constructed 
to measxire detonation. The gasoline which is to be tested is first 
used in the engine and its knocking characteristics under certain 
conditions of throttle setting and load on the engine determined. 
The gasoline is then drained from the tank and replaced by a liquid 
known as heptane, which has very high detonating characteristics. To 
the hept.ane Is then added Iso-octane. Iso-octane has very high anti- 
detonating properties. The iso-octane is added by degrees until the 
mixture has the same detonating characteristics, under the same 
throttle setting and engine load, as the gasoline previously tested. 
The percentage of the iso-octane in the mixture is then checked. 
This percentage is the octane number or octane rating of the 
gasoline. Most of the small airplane engines use gasoline with an 
octane rating of 75, usually specified as simply ”75 octane”. The 
large Pratt h Whitney and Wright engines usually require gasoline 
with an octane rating above UO. One oil company has developed a 100 
octane gasoline. This fuel is, of course, almost completely anti- 
Imock . 

FACTORS POWI^R 

“^fIT«Tr*r'"are a faHTy large number of factors that affect the pow- 
ex^ a given engine is capable of producing.^ A change in any one fac- 
tor, without a compensating change in some other, or others, will 
vary the amount of power which It Is possible to obtain. A number of 
these factors are listed below with definitions where necessary, to- 
gether with some terms not directly pertaining to power but which it 
is essential to know to understand others. 

Bore - The Inside diameter of the cylinder. Increasing the bore 
will increase the amount of fuel and air, or charge, that can be 
taken Into the cylinder and hence will Increase the power. See Fig- 
III. 


Top Dead Center, or Top Center - The position of the crankshaft 
when thi piston is at its hli^as'^' point, or nearest to the head of 
the cylinder. Abbreviated T.D.C. See Pig. Ill* 
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Bottom Dead Center, or Bottom Center - The position of the 
crankshaft when the piston is at its lowest point, or furthest from 
the cylinder head. Abbreviated B. D.C. See Pig- III- 

Stroke - The total distance the piston moves in one direction, 
or the length of its movement from top dead center to bottom dead 
center (or vice versa). Increasing the stroke will inci^easa the a- 
mount of charge that can be taken in and thus will increase thia pow- 
er, although there is a limit past which the stroke should not be 
increased. See Fig. III. 


Compression Ratio - The ratio of the volume inside the cylinder 
when the piston is at bottom dead center to the volume when the pis- 
ton is at top dead center. In aircraft engines this ratio Is usually 
about 5 or 6 to 1. Increasing the compression ratio will Increase 
the power up to a certain point. However, the higher the cornprossion 
ratio the greater the likelihood of detonation, and hei'^ce the higher 
must be the octane rating of the fuel. 


Mean Effective Pressure - The 
average pressure in pounds per 
square inch inside of the cylinder 
during the power stroke. It is us- 
ually abbreviated to m.e.p. The 
m-e.p. is determined to a large 
extent, naturally, by the compres- 
sion ratio. The power stroke is 
the movement of the piston from 
top center to bottom center caused 
by the combustion and consequent 
expansion of the charge. Increas- 
ing the m.e.p. will increase the 
horsepower. The m.e.p. can be measured by a pr63S\u'0 gage t.vr 1 
cator installed in the cylinder. The pressure in tlic cylla.i<?r v.m 
from a maximum shortly after combustion occurs to a minimum n«uir 
bottom of the stroke. A chart which shows this vaiulatlon ov 
is called an Indicator diagram. Pig. IV shows such a chart. 
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H* p.m . - An abbreviation of ’’revolutions per mlnuto**. It Is 
given in this abbreviated form because it is n.lwayB so wrltdaui- It 
means the number of revolutions the crankshaft makes In. one minute. 

Combustion Chamber - The empty space in the cylinder abrwe tlio 
piston. The shape of the combustion chamber has a pronounccui effect 
upon the horsepower since the spread of the combustion or the ’’flame 
propagation” is determined to a large extent by this shape, dee Pig. 


^ Ef f i c i en cy - The ratio of the useful work done by hxx 
engine to the heat energy in the fuel, when both are exprerioed In 
the same units, of either work or heat. It is obvious that If two 
engines each use the same amount of fuel but on© produces more 
horsepower than the other, the efficiency of the first la greater 
than that of the second. Thus the power of the engine la, to a Inree 
i"^i=atlon of its thermal efficiency. In addition, high 
thermal efficiency means that there la leas waste heat to dlapoae of 
by some method of cooling and also that a lower weight of fuel will 
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be required for a given flight. Thermal efficiency Is affected by 
many of the factors previously mentioned, such as the compression 
ratio and the shape of the combustion chamber, and also by such 
items as adequate lubrication and general mechanical efficiency. The 
thermal efficiency of the average airplane engine is about 2d^ at 
full throttle. In other words, it converts about 25‘ji of the heat en- 
ergy contained in the fuel into useful work. At slightly less than 
full throttle, or at what is commonly referred to as cruising r.^p.m, 
this efficiency may be increased in some cases to as much as 35f6 

Air Temperature, Barometric Pressure and Humidity - By air tem- 
perature is meant simply the temperature of the air which is being 
drav;n into the engine to support combustion. The standard tempera- 
ture for engine testing is 60^ P. The barometric pressure indicates 
the density of the air. Naturally, the less dense the air, and hence 
the lower the barometric pressure, the lower will be the horsepower 
produced by the engine. The standard barometric pressure for testing 
is 29,92 inches of mercury. The humidity, or moisture content of the 
air, also affects engine performance. The humidity is indicated by 
the water-vapor pressure and for test conditions should be .4 inches 
of mercury. An increase in the humidity decreases the power which 
the engine delivers, since the water vapor in the cylinder produces 
the amount of oxygen in the air ana thus reduces the amount of fuel 
which can be efficiently burned. 

Friction - Friction, or the sliding of one part on another, 
siich Bs the piston sliding against the cylinder walls, reduces the 
effective power of the engine, since a certain amount of the power 
developed is used in overcoming this friction. Friction may be kept 
to a minimum by properly designed bearings and adequate lubrication. 

Unburned Fuel - The losses due to unburned fuel may be reduced 
by d 0 /?.rgnThgrT^Tre~carburetor or fuel injection system so that, as 
nearly as possible, only such an amount of fuel as can be burned is 
admitted to the cylinder, particularly at cruising speed. Practical- 
ly all engines use an excess amount of fuel at full throttle and 
hence show a high fuel consumption per horsepower under this condi- 
tion . 


DETERMIN ATION OF BFPBCTI^/E IIOKSSFOV/ER 

Vvb.en t:;e v7ord ” horsepower" is used in reference to an aircraft 
engine, it is usually understood to mean the actual power delivered 
to the propeller, or the ’’propeller h.p.”. However, there are sev- 
eral sub-divisions which should be understood- 

I ncll anted Horsepower - The power determined from the indicator 
diagram previously discussed. This is calculated by the following 
formula ; 

T-TP ^Axm.e.p. X (S/12) x r.p.m.) x N 

33,-CiOO 

VA'tere 

A = Area of piston head (or cross-section of 
cylinder) in sq.ln. 

m.e.p. z Mean effective pressure in lbs. /sq.ln. 

S « Stroke, in inches 

r.p.m. 3 Revolutions per minute 

N - Number of cylinders 
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By referring to the previous explanations oi’ woi'k and 
this formula should be readily understood. Ti.i.o area or; the piston 
times the pressure per sq. in. gives the force on the; ['Iston in 
pounds. The stroke in Inches divided by 12 gives tlio. d 1 n (; auce In 
feet the piston travels in one stroke. Since only ‘.rvio’y utlurr down- 
strbke is a power stroke, half the r.p.m. gives tJio riumtior of power 
strokes or explosions per minute. By multiplying the turco In pouncis 
by the distance travelled in feet, we obtain the f oob~po\niii;,{ , and by 
multiplying the foot-pounds in one stroke by the number of e.trokes 
per minute, we get the foot-pounds per minute for one. cylinder. 
Multiplying this by the number of cylinders gives the foot-pounds 
per minute for the whole engine. And since one liorr.epowf>r la :5o,U00 
foot-pounds per minute, the numerator is divided by 5o,0U0 to i'lnd 
how many horsepower are being produced. This formula shows, the ef- 
fect on the horsepower of the bore (since the cross- sect 1 on.a ! area 
of the cylinder isj-x ) , of the stroke, the m.e.p., and thr r.p.m., 
as mentioned in ''Factors Affecting Power." 


Friction Horsepower - The horsepower used up in ovr< rooming 
friction, in sucking in the charge and in expelling the burned gnr.ea. 
The power required to drive the oil and fuel pumps, tiio magnetos, 
and other accessories is also considered as falling under this head. 


Brake Horsepower - The actual horsepower delivered to the pro- 
peller, measured by means of a brake or dynamometer of some typo. 
The Prony brake is perhaps the most easily understood device for de- 
termining the brake horsepower. A diagram of the Prony brake is 
shown in Fig. V. Its principle is as follows: The engine Is equipped 
with a flywheel, or brake drxom and brake which can be tlghtfmad at 
the will of the operator and which is provided with ad<jquatc sieans 
of cooling. To the brake is rigidly attached a torque am. The end 
of the torque arm. is usually connected to a scale, though the same 

effect jnay be produced by 
hanging a weight on the 
arm and since the latter 
method is more easily ex- 
plained it is shown in the 
diagram. '/men the engine 
is turning at the desired 
r.p.m. the brtika la tight- 
ened and the force on the 
scale, or the weight re- 
quired to hold the arm 
stationary, is noted. The 
brake horsepower may then 
be determined from the 
following formula: 



Grake 


Torque /7/nnn 
Grake Drum 



(2) B.H.P. 
Where 

L 

N 

W 


Obviously, the 


= 2itlnW/53,000 
= 3.1416 

» Length of arm in feet 
= Number of revolutions per minute 
. weight, or force, in pounds de- 
termined by the reading on the scale. 

brake horsepower is the difference between the 
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indicated horsepower and the friction horsepower. 

The simple form of the Prony brake. Illustrated in Pig- V, is 
obviously a rather clumsy device and one which makes accurate read- 
ings of horsepower difficult, if not impossible. In engine-testing 
laboratories two types of dynamometers are ordinarily used. One of 
these is quite similar to the Prony brake except that Instead of a 
weight the torque arm is connected to a hydraulic mechanism provided 
with gages which show the hydraulic pressure put on the system. Prom 
this pressure the actual force on the arm may be easily and accu- 
rately computed or indicated. The other type of dynamometer is elec- 
trical in principle and is similar to an electric dynamo or genera- 
tor, run by the engine which is being tested. The electrical resist- 
ance of the dynamo may be increased by the test engineer. This 
resistance corresponds to the brake in the dynamometers previously 
discussed, and its quantity can be measured by electrical Instru- 
ments. Due to its accuracy and simplicity of operation, the electric 
dynamometer is preferred, in most cases, to other types. 

In engine factories a calibrated club propeller is commonly 
used on production engines instead of a dynamometer. A club propel- 
ler is one which has short wide blades, usually four, set at a high 
pitch. Having calibrated, or determined by comparison with dynamo- 
meter readings, just how much power is required to turn this propel- 
ler at various r.p.m., it may then be used instead of a dynamometer 
to show how much h.p. is being produced by the engine. 

Brake Mean Effective Pressure - The brake mean effective pres- 
sure is the m.e.p. which, if acting on the piston, would produce the 
brake horsepower. In other words, if it were used in formula (1), 
the answer would be the brake horsepower Instead of the indicated 
horsepower. The b. m.e.p. may be calculated by the following formula: 

(3) B. m.e.p. = b.h.p. x 53,000/LAE 
Where 

L = Length of arm in feet 
A = Area of the top of piston 
E = The number of explosions per 
minute, (or J r.p.m.) 

It should be noted that this formula is derived directly from 
formula (1) . 

Maximum Power - The greatest power of which the engine is cap- 
able - 

Rated Power - The power guaranteed by the manufacturer at a 
given r.p.m. It is usually somewhat less than the maximum power- 

, Rist on Displacement - The total amount of air displaced by all 
the pUrTons iruring one revolution of the crankshaft. This may be 
easily detomined if the bore, stroke, and number of cylinders are 
known. The displacement in one cylinder is the cross-sectional area 
of the cylinder multiplied by the lengtkLjof the stroke^ or .7864 
X S. This product, multiplied by the number of cylinders, is the 
displacement. 
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PROPELLER CONSIDERATIONS 

"An entire chapter'Ts devoted to propellt-^ra furtlier on In this 

took, but there are a few basic facts which should ba rumtioned at 
this ^ time, together with a few definitions. 

Pitch - The pitch of a propeller is the distance t\ui I'U'optjller 
would move ahead in one revolution if there were no sllr*; In other 
words, if it were moving in a semi-solid modium such as biil;tox- . 
Since the air is not solid and since the propeller must; pull tlie 
airplane tlirough the air against a certain amount of U; tans.e , it 
moves in one revolution only 75Jo or 80^.? of its pitch. 

Diameter - The diameter of the propeller is the dlfui.etor of the 
circle described by the tips of the blades when the propoll»u" la ro- 
tating about its centerline. 

Blade Area - The area of the rear or driving face of the pro- 
peller blade. 

Since the horsepower of an aircraft engine is alsorhnd entirely 
by the propeller, it follows that the propeller character 1st. ics con- 
trol, to a large extent, the behavior of the engine. A given engine 
will turn a given propeller at a certain r.p.m. in level flight when 
moxinted in a particular airplane. A change in any of those factoi's 
will change the others. The same engine and propeller In anot.her 
ship which has more resistance would not turn as fast. If the pitch 
of the propeller is decreased, the r.p.m. will IncroHso. If the dia- 
meter is increased without changing the pitch, the r.p.m. will de- 
crease. If the blade area of the propeller is increased without 
changing either the pitch or the diameter, the r.p.m. will decides se. 
If the ship is put into a climb instead of level fligiit, the r.p.m, 
will decrease. These facts should be remembered in studying the 
flight operation of the engine. 

ENGINE PERFORMANCE CHARTS 

Pig. VI shows a typical performance chart of an aircraft engine. 
Such a chart is sometimes called also a horsepower chart or 
performance curve. Most of the terras used on the one lllixstxvi tea 
have been previously explained. However, a brief discussion of the 
use of the chart is considered desirable . 

The engine to which this chart applies is the Lycoming, Model 
R-680-D5. Immediately below the model number of the engine Is stated 
the compression ratio, defined on page 5. The octane rating of the 
fuel used in the teat is 80, The spark is set to occur 50^ before 
the piston reaches top center. (The reason for this will be explain- 
ed in a subsequent chapter.) The "standard test conditions" refer to 
the temperature, the barometric pressure and the humidity, also pre- 
viously explained, on page 6. On the left side of the chart la found 
the brake horsepower and at the bottom the revolutions per minute 
(r.p.m.). There are two horsepower curves, one showing the full 
throttle brake horsepower, the other the normal propeller load 
horsepower. 

The propeller load h.p. is the power required by the propeller 
at a given r.p.m. It will be noted that this curve does not extend 
below 1,500 r.p.m., since the operator of the airplane Is not likely 
to be interested in engine performance at slower speeds. 
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To determine the h,p. at, for example, 1,800 r.p.m., the vorti- 
cal line over the figure ”1,800^' is followed up until it .intersects 
the horsepower curves, A horizontal line (indlcatcHl by dashes on 
the illustration) may then be extended from these intersections to 
the horsepower scale. Following out this procedure. It will be seen 
that the propeller load h.p. at 1,800 r.p.m. is 184 and the f\Ul 
throttle h.p. is 219. The rated normal brake ho i ^aep ower is tlai j'olnt 
at which the propeller load h.p. and the full throttrdup. meet. In 
the case of this engine, the intersection occurs at 248 >i-p.*and 
2,100 r.p.m. Accordingly, the engine is said to be rated 245 li.p.' at 
2,100 r.p.m. It will be noted that the curve of full thrott.le h.p. 
is extended to 2,300 r.p.m., at which point the h.p. Is CdO. It*ls 
permissible to use this speed and power for one minute, in taking 
off. A controllable-pitch propeller Is almost essentia,! to ' m^ike 
proper use of this added power, since a fixed pitch ’^p:ia.,'p. which 
would turn at such a speed on the take-off would be highly InctUM'- 
clent for cruising. J ^ i i 


The lowest curve on the chart shows the fuel consianrd.lon with 
the mixture control (to be discussed later) in the full rich F>oai- 
tlon. Many charts give the fuel consumption in lbs./b.h.p.-,hr. ^'in 
other words, the number of pounds of fuel . tamed In one hour 'for 
each horsepower developed. Naturally, in this case, to obtalt^ the 
hourly consumption the figure given on the fuel constmiptlon scale 
must be multiplied by the horsepower being produced at tho given 
r.p.m. The chart in Fig. VI gives the fuel consumption In gallons 
eliminating the calculation ^lust rnporred to.” At 
r.p.m., for ex^ple, a horizontal line oxtended to tlic scale 
of fuel consumption shows 13 gallons per hour. 



CHAPTER 2 

PRINCIPLES AND TYPES 

THE PUHCTIONS OP THE GASOLINE ENGINE 


The origin of the internal combustion engine is lost in history. 
It is believed that the Chinese had some sort of device using gun- 
powder as early as 400 A.D. Such an engine was described by Christ- 
ian Huyghens in 1680. In 1862 the principles of the four-stroke cy- 
cle engine were laid down by Beau de Rochas and were developed by 
Nicholas A. Otto in 1876. Otto is generally considered as the real 
father of the Internal combustion engine and the four-stroke cycle 
is often called the Otto cycle. Most airplane engines are of this 
type, which is explained further in subsequent pages. 

As has been previously stated, any internal combustion gasoline 
engine is simply a mechanical device for converting the energy 
stored in fuel into power or work. Primarily the power is attained 
from the rapid expansion caused by the burning of the fuel, or as it 
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is commonly referred to, the explosion. All intox‘na3 combnation axi- 
gines must therefore provide some means of supplyinf"^ t.lio ex- 
ploding the fuel, utilizing the energy from the explosioaa and elim- 
inating the burned gases. Some engines accomplish tiiese opei-atlons 
in one complete revolution of the crankshaft while others itiquire 
two complete revolutions. The operating principles of these types 
will he explained after the functions of some of the engine parts 
have been described. 

The engine must have some place in which to confine the explo- 
sion and some movable part upon which the explcslon may exert its 
force. This is the purpose of the cylinder , in whicii the gnsoilne- 
air mixture explodes, and the mo vabl e pi at on , whlcii receives the 
force from the explosion. 

The functions of the connecting rod and tlia c rank s ha f't are, ba- 
sically two-fold: To receive the energy from the piston and to con- 
vert it into useful rotary power, and, through Its mornontum, to re- 
turn the piston to its position to receive the next explosion, or 
power impulse. Each movement of the piston from the top of the cyl- 
inder to the bottom and from the bottom of the cylliidex* to the top, 
is called a stroke . Thus, when the piston is beijig foT*cod away from 
the top of the cylinder by the explosion it is said tu be on the 
power stroke. The crankshaft revolves one-half turn, or lUU^’, foi- 
each stroke. 

An opening must be provided through which the explosive. tulxtui*o 
of fuel may be conducted into the cylinder. This opening is cal.lod 
the intake port. Provision must also be made to allow the buxTUid 
gases to escape from the cylinder after the explosion. This, is ac- 
complished by means of another opening called the * 
These ports must be closed during the explosion, as ch;h^7'wlirc"* j .rTic- 
tlcally all the energy of the explosion would be lost. This is done 
by an Intake valve and an exhaust valve , respectively, or* by cover- 
ing the ports with the piston Itself . 

A mixture of gasoline and air explodes more vlolfnit ly when It 
is compressed prior to ignition. Proper comproasion is provided for 
by introducing the mixture into the cylinder when the piston is at 
the bottom of its stroke, so that as the piston tr/rvels lipwnrd it 
compresses the charge . After being compressed the mUture is Igriltcni 
by an electric spark at the spark plug. 

THE FOUR-STROKE CYCLE ENGINE 

Tlie four- stroke cycle engine, commonly called the four cyoi© 
engine, requires four strokes of the piston, two down and two up, 
for a complete cycle. Most aviation engines are of this type. The 
accompanying illustration shows a Kinner aircraft engine with No. 1 
cylinder and part of the crankcase cut away so that the paaition of 
the piston, valves, and other parts may be seen during each stroke. 
The movement or "lift'' of the valves has been incx*©ased aomowhat be- 
yond the normal amount to show the action more clearly. 

The rotation of the crankshaft as seen in thea© Illustrations 
is counterclockwise. The operation is begun, of course, by tux^ning 
the crankshaft by means of some kind of starter or imlllng the pro- 
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INTAKE STROKE COMP. STROKE POWER STROKE EXHAUST STROKE 

Int. Valve Open Intake Closed Intake Closed Intake Closed. 

Ex. Valve Closed Exhaust Closed Exhaust Closed Exhaust Open 


Fig. II 


peller by hand until the first explosion takes place, after which 
the momentum of the moving parts keeps the crankshaft turning until 
the next explosion and so on. 

The first of the four strokes is the intake. The intake valve 
is opened by a mechanism geared to the crankshaft, as explained la- 
ter in this chapter. The piston moves downward creating a partial 
vacuum and sucking in a mixture of gasoline and air from the carbu- 
retor thx'ough the open intake valve. 

On the second, or compression, stroke the intake valve is al- 
lowed to close and the mixture is compressed as the piston moves up. 
Shortly before the piston reaches the top of the stroke, the magneto 
or battery produces a spark across the points of the spark plug, ig- 
niting the compressed mixture. Ignition occurs before top center so 
as to allow time for combustion. The piston moves on to top center. 

The third stroke is the power stroke. The burning mixture ex- 
pands and forces the piston down. Shortly before the piston reaches 
bottom center, or the bottom of its stroke, the exhaust valve is 
opened by the same type of mechanism which operates the intake 
valve. The last part of the power stroke is the least effective and 
it is better to open the exhaust valve early and allow more time for 
the burned mixture to escape than to have the valve remain closed 
until the piston is all the way down. 

The piston moves up for the fourth or exhaust stroke, forcing 
the burned gas out through the open exhaust valve. 
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This completes the cycle, which is repeated, contirniousiy as long 
as gas is supplied to the carburetor and the spark occurs in the 
spark plug. The engine is stopped either by shutting off the gas or 
by discontinuing the spark. 

While only one cylinder is shown in the illustrations, it should 
be understood that the same series of operations is going on In the 
others though not exactly at the same time. For instance, in n four- 
cylinder engine, when one cylinder is on the compression stroke, the 
next one in the firing order is on the suction or intake stroke. 

FOTCTIONS OF ENGINE PARTS 

In the four-cycle engine the explosive mixture from the carbu- 
retor is drawn into the cylinder through the intake port by the suc- 
tion created when the piston is on the downwai'd intake stroke, in 
order to create any appreciable suction, or technically, to lower 
the pressure in the cylinder, there must be an air-tight seal be- 
tween the piston and the walls of the cylinder. It would be imprac- 
tical to fit the piston itself so tightly into the cylinder because 
of the excessive heat and friction which would be generated. Accord- 
ingly, to furnish the required seal, metal rings are fitted Into 
grooves cut in the side walls of the piston. These rings are cut at 
one point and must be compressed slightly before the piston can be 
inserted in the cylinder. Once inside the cylinder the rings expand, 
pressing tightly against the cylinder wall and providing the neces- 
sary seal. These rings, usually of cast iron, are called piston 
rings , or compression rings . 

On the intake stroke the intake valve must open automatically to 
allow the mixture to be drawn into the cylinder. The mechanism that 
opens the valve is called a valve actuating mechanism , or the valve 
operating mechanism . This mechanism must be driven by the engine and 
is therefore geared to the crankshaft. The opening of this valve 
must be timed , so that it opens at the correct moment - near the be- 
ginning of tSe intake stroke. The most common method of doing this 
is by means of lobes on a cam gear . The lobes may be on a Cfurlshaft 
on line engines or on a cam ring on radial engines* "" ™ 



Pig. Ill 


Pig. Ill shows one type of camshaft. In this Illustration It 
will be seen that the cam has one high spot, or lobe . As the crank- 
shaft^ turns it drives the cam gear. When the cam gear brings the Cfcim 


push rod , the push rod la 
in turn opens the valve. 


lobe In contact with the lower end of the j, 

forced upward, raising the rocker arm which jlxji uuxxji upras une vaxve. 
If valve does not open at the correct time the engine is said to 
be out of time. If such Is the case the position of the cam gear 
In relation to the crankshaft must be changed so that the valve does 
correct time. This procedure is called timing the en- 
gine. Further information on timing the engine will be given later. 
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TPie gasoline from the tank enters the carburetor through the 
fuel inlet connection and flows into the float chamber through the 
needle valve opening. See Pig, IV, prom the float chamber the fuel 
flows throiigh a connecting passage and fills the gasoline outlet 
standpipe, or jet . As the gasoline fills the float chamber the float 
rises with the level of the liquid until eventually the float arm 



lowers the needle valve onto the seat, which stops the entrance of 
gasoline until the level of the gasoline in the float chamber has 
been lowered by drawing gasoline from the discharge jet. When the 
gasoline level is lowered, the descending float opens the needle 
valve passage, admitting more fuel. The float chamber with its auto- 
matic gasoline shut-off is necessary, as otherwise the gasoline from 
the tank would fill the carburetor and overflow from the jet and 
vent. 


The carburetor outlet is connected by a manifold directly to the 
intake port on the cylinder. When the piston travels downward on the 
intake stroke the resulting suction draws air into the cylinder 
through the carburetor air Intake, As this rush of air passes the 
gasoline discharge jet it draws with it a certain amount of gaso- 
line* By regulating the velocity of the air past the jet and the 
size of the jet Itself, the desired ratio of the gasoline-air mix- 
ture is obtainea. This usually ranges from 14 to 16 parts of air to 
one part of gasoline. 

As the piston nears the bottom of its intake stroke the intake 
valve must start to close. This Is permitted as the pushrod descends 
on the down-side of the cam lobe. The actual closing of the valve is 
done by a heavy valve spring . The distance that the valves open, or 
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the lift, and the length of time they stay open is governed b.Y tlie 
height and length, or contour, of the cam lobes. 

On the compression stroke the importmice of the piston xhugs is 
as great or greater than on the suction stroke. Without the rings 
the mixture would not be fully compressed, but would escape into the 
crankcase between the piston and the cylinder walls. 

During the compression stroke both valves must be closed pvo.a- 
sure-tight; otherwise, some of the compressed cliai'ge* will escape 
through the valves. For this reason both valves are macie ?/ith gjxamd 
faces and are so installed that the coaipression proaaes the vaXvc 
2 nbr~ tightly against its ground seat. If the valves leak. It Is nec- 
essary to grind them with an abrasive known as val ve grinding com - 
pound, to renew the surfaces of the valves and iduPsoairs 7 

At the end of the compression stroke the mlxturo must be Ignit- 
ed. This is done by an electric spark which jumps between the points 
of a spark plug. The electricity necessary to fire the spa,r*k plug is 
furnished by an ignition syste m. The firing of tlie spark plug must 
be timed to the engine so that the spark will occur at tie: coi-eect 
time. On modern aircraft engines the spark plug fires from Ob to 55 
degrees of crankshaft rotation before the end of the compT'es sion 
stroke. This is to eliminate the time lag and to jnsviia.; the full 
force of the explosion being exerted on the piston at the beir.lnaing 
of its power stroke. 

Both valves remain closed through the power stroke as well /is 
through the compression stroke. That is why the cam gear must turn 
at one-half crankshaft speed, so that each valve will open and close 
only once for each two revolutions of the crankshaft, IhMuy r/idial 
engines have a cam ring which has four lobes for operating each 
valve. As the valves are actuated only once for eacii tuvo r'‘V<.dut Ions 
of the crankshaft, the cam ring must operate at one-el/pitJti exnmk- 
shaft speed. 

As the piston nears the bottom of the power stroke the exhuust 
valve must open. On aircraft engines the exliaust valve opens when 
the throw or offset of the crankshaft is at a point about or 

before bottom center. In trade language it would be said that tiie 
exhaust valve opens 50° to 60° early . The reason for this is tliat 
the last part of the stroke is the least effective |.)art and it lo 
better to give as much time as possible for the Imrnod gas to cna- 
cape. Since the power stroke begins at top center and the power is 
lost when the exhaust valve opens, and since the length of one 
stroke is 180*^ from top center to bottom center, it will bo seen 
that the length of the power impulse is 180^ - 50^ or 150°. Thus, in 
the five-cylinder engine, there is an interval of 145° - 150° * 15° 
when no power is being applied and the momontvmi of the moving parts 
is all that keeps the engine going xmtll the next power Impviliu^. On 
the other hand, in the twelve-cylinder engine, since thexuj are only 
60° between Impulses, there is a power overlap of 150° - 60° s 70°. 

This completes the operating cycle of an engine and th© runnln|5 
is the constant repetition of these functions, however it must be 
borne in mind that the one- cylinder engine receives only on© power 
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impulse for every two complete revolutions of the crankshaft and 
must depend on the momentum of the rotating parts to carry it 
through the complete cycle. In a large single-cylinder engine the 
explosions wo\ild be so powerful and so far apart that there would he 
an excessive vibration unless the engine were made exceedingly heavy. 
This of course would not be satisfactory for an aircraft engine. 

By increasln/? the number of cylinders on an engine more power 
can be delivered to the crankshaft, as each cylinder fires once for 
every two revolutions of the crankshaft. Thus, the more cylinders 
there are, the less tlie interval between the power impulses. Conse- 
quently a smootliei* engine operation results. Just what the interval 
is in degiors of rotation may be readily found by dividing 720^ by 
the number of cylinders. The 720^, of course, is the same as two 
revolutions since one revolution is 360^. Thus, a five-cylinder en- 
gine has a gap of 720 divided by 5, or 145^ between power impulses 
and a twelve-cylinder engine has a gap of only 60^, 

THE TWO-STROKE CYCLE El lGINE 

Internal '’combustion engines that complete their operating cycle 
In one revolution of the crankshaft are known as two-stroke cycle 
engines, or mo:r*o simply, as two-cycle engines. They are given this 
nmie because the })istt.ni makes only two strokes for each operating 
cycle. At present two-cycle engines are rarely, if ever, used for 
aircraft engines. However, the increasing size and flying range of 
modern miilti-engined transpoi’ts often present the need for addition- 
al power to operate accessories, such as pressure and suction In- 
st niments, motor driven equipment, radio, lights, etc. This need is 
filled by an auxiliary power supply engine which is usually of the 
two-cycle type. The one-cylinder auxiliary power engine is the most 
common, aitliough two and four-cylinder engines are sometimes used. 
Fig. I shows a typical Eclipse auxiliary gasoline engine unit, made 
especially for use in alrci*aft. 

The diagrams 
shown in Pigs. II, 
III, and IV illus- 
trate the three port 
two- cycle engine . 
Fig. V shows a two 
port , two-cycle en- 
gine. In pig. II the 
piston is on the up- 
ward stroke and is 
performing a double 
function. By creat- 
ing a suction, or 
lowering the pres- 
sure in the air- 
tight crankcase, a 
mixture of fuel from 
the c arbur e t o r is 

drawn into the crank 
case through the in- 
pig. I take port, when it 

ECLIPSE AUttLIAEY POWER ENGINE Is uncovered by the 
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piston. At the same time the piston is compressing the fuel mlxt\;ire 
which is in the combustion chamber (from the previous cycle). 

In Pig. Ill the maximum amount of fuel has been drawn into the 
crankcase and also the combustion chamber mixture has been fully 
compressed. Near this point the ignition system produces a spax'k at 
the spark plug, thereby igniting the compressed charge, the expan- 
sion of which causes the piston to start downward on the power 
stroke. The downward stroke of the piston also serves to compress 
slightly the mixture in the crankcase. As the piston nears the end 
of its downward stroke, it xmcovers the exiiaust port, allowing the 
burned gases to escape. As the piston continues on its downward 
stroke the intake port is uncovered, allowing the compressed mixture 
from the crankcase to escape into the combustion chamber. Since the 
pressure in the crankcase is greater than the pressure in the cylin- 
der at the time the intake port is uncovered, the exliaust gas cannot 
force its way into the crankcase. See pig. IV 



Pig. II Pig. Ill Fig. IV Fig. V 


The charge of gas from the crankcase is prevented from escaping 
through the exhaust port by a deflector on the head of the piston. 
The deflector directs the incoralxxg charge toward the top of the cyl- 
inder. After the exhaust of the burned gas and the intake of the new 
charge, the piston starts upward on the next cycle. 

The two port engine operates on the saxrie principle as the three 
port type, with the exception that the carburetor leads directly in- 
to the crankcase. A check valve, between the carburetor and the 
crankcase, allows fuel to be drawn into the engine when the crank- 
case pressure is lowered, but prevents the mixture from being forced 
back through the carburetor by the crankcase compression* 

The two-cycle engine cannot be lubricated in the conventional 
manner as the engine heat would convert some of the lubricating oil 
into oil vapor which would unite with the vaporlzjed fuel- The re- 
sulting mixture would not be sufficiently explosive to ignite in the 
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cylinder. To provid.e the necessary lubrication, it is common prac- 
tice to add a small quantity of oil to the gasoline before it is put 
into the fuel tank, the usual proportion being approximately l/4 
pint of oil to one gallon of gasoline. If no definite gas-oil ratio 
is specified by the engine manufacturer, it is safe to start with 
that mentioned and experiment with richer and leaner oil mixtures 
until the correct proportions for the particular engine have been 
found. Too much oil in the mixture will cause weak explosions which 
will be accompanied by considerable white exhaust smoke. Too little 
oil will cause the engine to become overheated, due to poor lubrica- 
tion. 


Two-cycle engines are often difficult to start. If the engine 
is in perfeci; mechanical condition, the fault may lie in an incor- 
rect mixture. An excessive amount of oil in the mixture will cause 
the spark plugs to become fouled , or short circuited. In this event 
the plugs should be removed, cleaned in gasoline and dried. On the 
other hand, if there is not enough oil, the gasoline may wash it 
from the cylinder walls, thus reducing the compression to such an 
extent that the engine will not start. A little experience will en- 
able the mechanic to determine when the engine has satisfactory com- 
pression. If the compression is low, remove the spark plugs and put 
a few drops of cylinder oil into each cylinder. Turn the engine by 
hand through a few i-evolutions to insure the even distribution of 
the oil. Then replace the spark pliigs and the engine is ready to b© 
started. If it fails to start and all other causes have been elim- 
inated, tlio trouble may be caused by an accumulation of gasoline and 
oil in the errmkease. This is best remedied by draining the crank- 
case. 
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IN-LINE ENGINES 


Engines which have all of their cylinders in one straight line 
are referred to as in-line engines (see Fig. I). Several of the 
smaller four and six-cylinder aircraft engines are of tills type, in 
these engines the crankshaft has one throw > or crankslxaft offset to 
which the connecting rod is attached. rHere is a crankaiiaft tx^aring 
at each end of the crankshaft and also between each two cylinders.' 
Thus, on a four-cylinder in-line engine tiie crankshaft would l^ave 
four throws and five main bearings. Thj s makes c|uitc a .rugged con- 
struction but also rather heavy in compax'^ison witii other types. In- 
line engines of over 6 cylinders have not proved voiy suttisf actoiy ^ 
due largely to the length and consequent weight of biie crankshaft, a 
long crankshaft must be made very heavy to eilminate any ^‘whip" from 
the power impulses. 

The in-line engine uses individual connecting rods with a sim- 
ple bearing on the crankshaft and the conventional wrist pin bear- 
ing. The valves are actuated by the earn lobos on a camoliaft whlcii Js 
mounted parallel to the cylinders. The camshaft usually carr*ies both 
the intake and exhaust cam lobes and is geared to the' cranksliaft so 
that it turns at one-half crankshaft speed. Some engines have a sep- 
arate camshaft for the exhaust and the intake valves. This ordinar- 
ily increases the weight and complicates the timing as each camshaft 
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INVERTED HANGER AIRCRAFT ENGINE 
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If the cylinders are above the crankshaft the engine is called 
an upright engine, while if they are below the crankshaft it is 
known as an inverted engine. The inverted engine usually uses the 
down drajTt carburetor, which means that the mixture from the carbu- 
re't'dr ' i s~ ’’dir awn down into the manifold instead of up, as in the con- 
ventional up draft carburetor. 



The upright engines use ei- 
ther wet sump or dry sump 
lubrication. The wet sump 
engine carries the lubrl- 
eating oil in the crankcase 
from which it is distribut- 
ed by a pressure pump to 
the various parts to be lu- 
bricated, and is allowed to 
drain by gravity back into 
the sump, or lowest point 
of the case, where It is a- 
gain picked up by the pump. 


The 

the ol 
[l^from 


sump engine carries 
in a detached tank 
which it is drawn to 
the engine and pimiped to 
the various parts. The oil 
then drains to a small sump 
but is not allowed to accu- 
mulate there, being instead 
returned to the storage 
tank by a return pump, 
called scavenger pump . The 
dry sui^p system allows a 
larger quantity of oil to be carried, and also permits better cool- 
ing of the oil, as the oil Is carried outside of the engine and, if 
necessary, can be run through an oil-cooling radiator located in the 
air stream, providing additional cooling. The inverted engines use 
only the dry sump system, for any large accumulation of oil in the 
crankcase would run down into the cylinders . 


Pig. II - WRIGHT GYPSY ENGINE 


These engines may be either liquid or air cooled. At present, 
air cooling seems to be more popular. It has been quite a problem, 
when cooling the engine by air, to get the rear cylinders to run as 
cool as the front. However, with the use of special air ducts and 
baffle plates this difficulty has to a large extent been overcome. 

In designing all internal combustion engines one of the most 
Important cons ide rat ions is that of balance. A well balanced engine 
not only runs^ more smoothly, but the lack of engine vibration in- 
creases the life of engine parts, thereby reducing the cost and 
trouble associated nlth constant maintenance. Not only must the ro- 
tating parts in an engine be balanced mechanically, but the power 
impulses also must be balanced, or spaced to provide the smoothest 
engine operation possible. Engine designers try to space successive 
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power impulses as far apart on the crankshaft as possible^ for if 
they are closely spaced, the tendency is to cause oxce^ssiv6 vibra- 
tion* 


m 



The crankshaft of the four-cylinder in-line engine is balanced 
by having two throws on one side, and two on the opposite side, as 
shown in Pig. III. In this crankshaft, throws //I and //4 (counting 
from the propeller end) are on top, or 
at 0® when throws #2 and ’//3 are on the 
bottom, or at 180^. Likewise, pistons 
#1 and #4 are on top center when #2 
and #3 are on bottom. The primary 
forces, or power impulses, are spaced 
so that when #1 cylinder fires, #4 is 
on the exhaust stroke. The next half yS-il 

revolution of the crankshaft brings #2 
and #3 on top center. One of these 

cylinders must fire while the other TTT 

exhausts. The next time #1 and #2 come 

up, #4 fires and #2 exhausts. On the 
last half of the second crankshaft 

revolution #2 and #3 are again on top. The cylinder wiiich was on the 
exhaust stroke at the previous top center now fires wnile the other 
exhausts. Prom this it may be seen that the firing order of a four- 
cylinder in-line engine can be either 1, 2, 4, 3, or 1, 3, 4, 2. 
However, these firing orders are the same, so far as the 3 |)acing of 
the power Impulses is concerned. 


The power impulses are more evenly balanced on the s.lx-cy,l inder 
in-line engine than on the four-cylinder. The crankshaft on the six- 
cylinder engine is arranged so that the throws are spaced in pairs, 
as shown in Pig. IV. Throws #1 and #6 constitute a pair, as do #2 
and #5, and also #3 and #4. There are 120^ between each pair of 
throws, 'il/hen #1 fires #6 is on the exhaust. The m^xt cylinder to 
fire is either #6 or #2. #5 is chosen because it is further away, 
consequently //2 will be on the exhaust. Next, .//5 fires and //4 ex- 
hausts. On the next complete revolution of the crankshaft the cylin- 
ders which were previously on the exhaust stroke fire. The complete 
firing order Is 1, 5, 3, 6, 2, 4. 



Pig. IV 

SIX-CZLINDER CRANKSHAPT 
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VEE TYPE ENGINES 

Engines that have two lines or banks of cylinders at an angle 
to each other (the angle -usually 60^ or 90^, though 46^ is sometimes 
used), are called Vee engines. See Pig. I. These are usually the 
larger engines of eight or twelve cylinders. The Vee type of cons- 
truction gives a compact engine with even less frontal area than the 
popular radial design. Vee engines use a crankshaft having one throw 
for each two cylinders, with the same bearing arrangement as on the 
in-line engines. Thus, an eight -cylinder Vee engine would have a 
crankshaft with four throws and five main shaft bearings. A twelve- 
cylinder Vee engine crankshaft is similar to the six-cylinder in- 
line crankshaft, with six throws and seven bearings. 


Connecting rods for 
these engines are either 
of the yoke or articula- 
ting type. In the yoke 
type, one connecting 
bearing fits onto the 
crankshaft and the rod 
to the opposite cylinder 
fits as a yoke, or fork, 
on the outside of the 
first bearing. This nec- 
essitates the first, or 
inside, bearing having a 
bearing surface on the 
outside as well as on 
the inside. This type of 
bearing may appear to be 
inefficient, but it has 
proved quite satisfac- 
tory. Pig. II shows a 
master articulating rod 
which consists of a 
large connecting rod bearing 



INVERTED VEE RANGER ENGINE 
Pig. I 

on the crankshaft to which the other 


rod is attached with a knuckle 


These engines usually have overhead camshafts, in other words, 
the camshafts are mounted over the tops of the cylinders in such a 
manner that the cam lobes can open the " valves either by direct con- 
tact or through short rocker arms. See Fig. III. The camshafts are 

geared to the crankshaft 
through vertical tower 
shafts and of course turn 
at one -half engine speed. 

The upright Vee en- 
gines (those whose cylind- 
ers are above the crank- 
shaft ) usually have the 
carburetor nestled between 
the banks, while the ex- 
haust ports are on the 

CITRTISS CONQUEROR MASTER ROD outside. The inverted Vee 
Pig. II engines (cylinders below 
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the crankshaft) sometimes have down-draft carburetors to tiie out- 
sides of the cylinder banks with the exhaust manifolds botweeu the 
banks. There are many variations of the carburetion and exhaust sys- 
tem on the Vee engines, some having one, two or four carburetors and 
either short stacks or exhaust manifolds placed between or outside 
the banks. 


The small frontal area in proportion to the 
horsepower of Vee engines has already beon men- 
tioned, but despite this fact they are not as 
popular as the radial type. This may be duo to 
the earlier Vee engines having been water cooled. 

Liquid cooling adds to the weight of the engine 
because of the additional weight of the liquid 
circulating pump, the cooling radiator and the 
liquid itself. The "plumbing" necessary for a li- 
quid cooling system not only increases the weight 
but is an added source of trouble. Unless wing 
radiators are used the increased resistance pre- 
sented by the conventional radiator makes the to- 
tal frontal area of the installation about the same as t}mt of a ra- 
dial engine. Some of the modem Vee engines, such as the Hnng;‘-i’, are 
air cooled. These engines not only have a small frontal area but e- 
limlnate all the weight and maintenance associated with IJeuld coo]- 
ing. 

The Vee type engines nearly always use the dry sumi.i system for 
lubrication. The most common exception was the war-timo* "Hisso", 
which is no longer in use to any extent. 



4b0 H.t>. HANUER 
Fig. in 


As a rule, the firing order of these engines is the same as the 
firing order of the in-line engines. It is divided so that one cyl- 
inder on each bank fires alternately and the flrinc; starts on oppo- 
site comers, however the firing sequence is the sojne. The first 
cylinder to fire (in the firing order of a twelve-cylinder Voe), 
would be No. 1 on the left hank. The next cylinder to fire would be 


The 
6L 


complete 
IK - iiL 


on the opposite corner, or No. 6 on the right bank, 

firing order would be IL - 6R - 5L - 2R - 3L - 4R - 

5r - 4L - 3R. This does not apply to some models of the Ranger on 

gi^nes, which fire IR - 3L - 4R - 5 l - 2R - IL - 6R - 4L - 3R - 2L ■ 

oR - 6L. 
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HORIZONTALLY OPPOSED ENOINES 


Horizontally opposed engines are those engines which have their 
cylinders in two banks which are opposite, or 180^^ apart. In other 
words they are similar to Vee type engines, except there is 180^ be- 
tween the banks instead of the 60^ or 90^ found in Vee engines. Up 
to the present the use of the opposed type engines has been almost 
entirely confined to small two- and four-cylinder engines, of 30 to 
50 horsepower, for small sport planes. It is possible that in the 
future, larger engines of this type will be developed which can be 
installed inside the wing. Horizontally opposed engines are particu- 
larly adapted to this method of installation, as their overall 
height, even in the higher horsepov/er range, could be as little as 
12 to 18 Inches. 

The two-cylinder Aeronca engine, and the four-cylinder Continen- 
tal engine, shown at the beginning of this chapter, are two popular 
models of the small opposed type. While it is true that these en- 
gines present more frontal area than a straight in-line engine, this 
disadvantage is more than offset by more efficient cooling. Also, at 
the low top speeds which light planes attain, additional frontal a- 
rea does not constitute a major factor. 

Many of these engines are of the wet sump type, carrying their 
oil in a finned crankcase which is exposed to the slipstream to pro- 
vide a certain amount of cooling for the oil. The Aeronca engine has 
a two-throw crankshaft with offset connecting rods which allow the 
cylinders to be placed nearly in line, though necessarily one cylin- 
der is slightly behind the other. As both pistons are on top center 
at the same time, one is on the compression stroke while the other 
is on the exhaust. Naturally, the firing order is 1, 2. 

The Continental engine has a four-throw crankshaft, so con- 
structed that both pistons in one set of opposed cylinders are on 
top center while the opposlde set are on bottom center. The firing 
order of these engines is 1, 3, 2, 4. These small engines are made 
as simple and rugged as possible to satisfy the demand for an inex- 
pensive engine for sport planes, in order to keep the weight to a 
minimum without sacrificing performance or dependability. 

AND V TYPE ENGINES 

Engines that have three banks of cylinders parallel to a common 
crankshaft are called engines. The engine has four banks of 
cylinders parallel to the common crankshaft. The purpose of the de- 
sign is to obtain high horsepower with a relatively small frontal a- 
rea. In gemeral construction the type is similar to the Vee engines 
with one or two more banks added. The crankshaft has one throw for 
each three, or four, cylinders. The connecting rods are of the arti- 
culating type, having one large rod bearing with two articulating 
rods for the W, and three for the X. 

These engines are liquid cooled and the air resistance of the 
cooling radiators is partially or entirely eliminated by the use of 
wing radiators. At present none of these engines are used in produc- 
tion ships, therefore their discussion is not within the scope of 
this book. 
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ROTARY ENGINES 

One of the earliest successful typos of aii‘craft en|.’:iues was 
the rotary radial. In a radial engine the cylindors are arranged 
like the spokes of a wheel. The unique feature of the rotai^y luidial 
is the fact that the crankshaft remains stationary wiiiTo "'tne' cylin- 
ders and crankcase revolve around it, the crankshaft being rigidly 
attached to the fuselage while the propeller Is bolted to an exten- 
sion of the crankcase. Since these engines were air-cooled, it was 
believed that by having the cylinders rotate in this mauncsr better 
cooling would be obtained . 


The only two rotary engines which achieved any giMial pi^jidlnenco 
were the Gnome and the Le fltione. The Gnome was tlie first developed 
and was used widely in trainixig and military alrplarujs tiurlng the 
early part of the World War. It was later replaced by the La litione, 
but both engines have been obsolete for many yeai^s, though in ap- 
pearance they did not differ greatly from ' the mothjrn types. The 
Gnome was built in various sizes with seven, nine, and fourteen cyl- 
inders, the fourteen cylinder model producing about lliU horsepower. 



Fig. I 

cylinder, connecting rod. and crankshaft ar- 
Rhone is shown In Pig. l. The Gnome uri-angomont 
if manner In which the connecting rod 

is attached to the orankpin. In the Le Rhone, the ends of the oon- 

clamped between 
oonneotlng rods and "feet" are shown in solid 
black in Fig. I with one of the grooved disks removed. This arrange- 
dlsassesa,l7 and appears to have been satlsFa^ry 
although no such construction is used in modern engines. 
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In the Gnome the "master^' connecting rod, leading to No. 1 cyl- 
inder, was made with a large bearing on the crankshaft end. To this 
bearing the other rods, or link rods, were connected by means of 
knuckle pins. This type of construction is used in all modern radial 
engines, even though the cylinders of the modem type do not rotate. 

Obviously, with the cylinders rotating, the matter of introduc- 
ing fuel to them presented certain problems. These were overcome by 
leading the fuel through a hollow crankshaft into the crankcase. In 
the earlier types of Gnome engine the carburetor consisted of noth- 
ing but a spray nozzle, past which the air flowed on its way to the 
crankcase. The mixture of fuel and air was allowed to pass into the 
combustion chamber through an intake valve in the head of the pis- 
ton. This valve opened as the piston moved down and closed as it 
moved up. The burned fuel was discharged through an exhaust valve in 
the top of the cylinder, as in modem engines. Later types of the 
Gnome eliminated the valve in the head of the piston and led the gas 
into the cylinder through holes, or ports, drilled in the cylinder 
skirt below the point where the cylinder entered the crankcase. 
These ports were uncovered by the piston at the bottom of the stroke 
very much as in a modern two-cycle engine, although the Gnome was a 
four-cycle type. In this later model the exhaust valve was also in 
the head of the cylinder, but since there was no intake valve, the 
model was frequently referred to as the "Monosoupape", or single- 
valve. These engines could not be throttled and ran either at full 
speed or not at all. The only control that the pilot had over the 
engine was through the ignition, which was cut off, in most air- 
planes, by means of a button on top of the control stick called the 
"coupe*’ button. The ignition remained "On" except when this button 
was pressed. When the pilot wished to cut off the engine to glide in 
for a landing, he did so by pressing this button, releasing it in- 
termittently and turning the engine on again, so as to keep it warm 
and ready for use. The same practice was followed in taxiing. In the 
Le Rhone, the gas was brought through the hollow crankshaft into the 
crankcase, but from there was led to the combustion chamber by in- 
duction pipes. One of the novel features of the Le Rhone was the 
method of operating both the intake and exhaust valves by the same 
push rod. This was done through the use of a cleverly designed cam 
ring. The L© Rhone had no throttle such as those used by modem en- 
gines, but the amount of fuel supplied could be controlled to a cer- 
tain extent, and the speed of the engine regulated in this manner. 

One other rotary engine was fairly common during the War. This 
was the Clerget, which might be considered a combination of the 
Gnome and Le Rhone types. The intake and exhaust valves were located 
in the cylinder heads, but were operated by separate push rods. The 
master rod assembly was similar to that used in the Gnome. The fuel 
was taken into the crankcase through a hollow crankshaft, as in the 
case of the other two engines, and from there was led through induc- 
tion pipes to the inlet port in the top of the cylinder. The amount 
of fuel was regulated by a needle valve, very much like the device 
used on the Le Rhone. 
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SIMOl.K-HOW HALIAl- 


static radial engines, those 
tate, may be divided into tv/o^main 
and the twin- row. In the sin^Tle 








in whic; t.he cjv n.nvUM*M dn urd, ro- 
clasaliM Cations : t.hc* no-U^-row, 
row oxa:,i?!j’le of wh:lch is 

n 1 H-' wn In I y ‘ . I , f h f ■' y j 1 r !t i a r's 

nrf^ njaac^d rv<‘nly, .Iji urn* ('.laneii 
ai*ourid e rs: h: ' a1 

coJinectinK rods load to their 
x^oapectivn pistons i'rosi cue 
larf';e beailn^*; cm n s Inr.l o-fchrow 
craiiknhait • 



SluK.1 o-i*uv/ rauiaJ oniilrioa 
ha V e an ch I d m iitil) ’ oV c y J 1 n d o r s 
usually thr<m, flvo, seven or 
ninu* Tiiey aist inade ,ln this 
manner In o,rdor to ;h cur'o a 
cottibiriatjon ot* power .liiip‘Ulses 
that will be spaced evenly 
thrcupl'jout the; untixsj VM)**'* (/r 
the op‘e rating': cycle, par evxaiu- 
ple, a six-cylinder slnp:le-rcnv 
radial con'Ul have a !:’l, rlne: or- 
der of 1, by d, 4, h, rd .’u,; 
each piston comes to tuh' center 
in rotation. However, in tiiis 
e vent , aljL^ of the c y 1 1 1 u'h ‘ r s 

would fircr in one ruvolntl. on uf 

tlie ciaxnkohaf t™~nd the enyino 
would have to "naast^* throihdi 
the next volution to allow 
eacii cylinder to mKhaiod, . Or, 
it won 1 d b e sie c h a n i c t i 1 1 y pc ** • i - 
blc* to have tir,^ expOxsions 
spaced 1, %j f u ^ *1 1, hut 

this would nuanti tdisl l?;o c.’, lin- 
dens, 5 and 6, would fire consecutively, and then there wouh* be. a 
large gap between rH and #1. In either case tht engine wtmhl be ex- 
ceedingly rough. 


LYCOMING 


w 

Fig. I 
AVIATION 


ENGINE 


With an odd niunber of cyilndars the powcji* lnii*u:i:jes, are spaciul 
so that there is a gap of one cylinder between ^uiclt expioslun. Thus 
on a nine-cylinder engine, the cylinders to fir^e or* thC’ first revol- 
ution of the crankshaft are 1, 3, 5, 7 and 9. Meanwhile, the rven 
numbered cylinders are exhausting. On the second crankaiuift rr^volu- 
tlon cylinders 2, 4, 6 and 8 fire and the others axhainit. Thua, it 
may be said that the firing order of single-row radial onginca la 
every other one, or 1, 3, 5, 2, 4 for a five-cylinder; 1, 5, 0, 7, 
2, 4, 6 for a seven, and 1, 5, 5, 7, 9, 2, 4, 6, B for a nine. Of 
course it would be possible to fir© the cylinders in i^otatlon but as 
previously mentioned, this would necessitate the engine coasting fox’* 
one crankshaft revolution. 


The crankshaft, having only one throw, can oonaaquaxxtly be mad© 
quite strong without being as heavy as those on in-line ©nginas . The 
crankshaft main bearings are on each side of th© throw and ax*a usu- 
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ally of the ball or roller bearing type. The connecting rods are of 
the articulating type, similar to those used on the f and X engines. 
The master , or "mother" rod has a large crankshaft bearing and all 
other rods are pinned to this bearing with knuckle pins, see pig. II 

The overhead valves are 
opened by a rocker arm and 
push rod assembly which in 
turn is actuated by the cam 
lobes on a cam ring geared 
to the crankshaft. The cam 
ring, having four lobes (in 
most cases) naturally turns 
only one-eighth of crank- 
shaft speed, since each 
valve is actuated four times 
for each cam ring revolution 
which allows for eight crank- 
shaft revolutions. 

Radial engines are usu- 
ally air cooled, saving con- 
siderable weight, due to the 
elimination of water radiators, tanks, plumbing, etc., as well as a- 
voiding all trouble with liquid cooling systems. These engines pre- 
sent a larger frontal area than in-line and Vee engines of equal 
horsepower, but tliis objection is partially offset by their compact- 
ness and lower weight. 

The carburetor delivers the fuel mixture directly into a sec- 
tion of the crankcase, where it is diffused and distributed through 
individual pipes to each cylinder. There are many types of crankcase 
diffusers and blowers which will be described later. 

Although some radial engine installations still employ short ex- 
haust stacks from each cylinder, in most cases the cylinders exhaust 
into a common collector ring. Prom the collector ring, one or two 
outlets can be lead to some suitable place for exhausting the gas. 
See Exhaust Systems. 
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OTIN-ROW RADIAL ENGINES 

The twin-row radial engine has been developed to meet the de- 
mand for a powerful air cooled radial engine with s^mall frontal a- 
rea. The 14 cylinder twin-row radial, the most pojmlar type at pres- 
ent, consists of two rows of 7 cylinders eacli, mounted on one caon- 
gated crankcase. The crankshaft has two throws, one for each row of 
cylinders. 

The rear cylinders are located directly behind the openings be- 
tween the front cylinders, to provide better cooling of the second 
row. Each cylinder is equipped with an air baffle, which assures 
pressure cooling and also serves to keep the hot air from the front 
cylinders away from those in the rear. These baffles are discussed 
more fully in Chapter III. 



Three-quarters front and three-quarters rear 
views of Pratt & Whitney 14 cylinder Twin- Row 
Wasp Engine 


Pig. I 


The valves are actuated by two separate cam rings, there; fore each 
row of cylinders must be timed independently. These engines are usu- 
ally equipped with force feed lubrication to the ovax^head valve 
mechanism. 

The two throws on a twin- row radial crankshaft are ISO^ apart. 
This means that when one piston in the front row is on top center, 
the opposite piston on the rear row will also be on top center, as 
two cylinders do not fire simultaneously, one of the two mentioned 
is on the exhaust stroke, while the other is on the compression 
stroke. The cylinders are numbered consecutively in direction of ro- 
tation, thus #1 will be the vertical cylinder on the rear row, #2 
will be on the front row, #3 on the rear row, etc. The complete fir- 
ing order for these engines Is 1, 10, 5, 14, 9, 4, 15, 8, 5, 12, 7, 
2, 11, 6. At first glance this may seem to be a rather complicated 
firing order, however, each row fires every other cylinder, exactly 
as a single-row radial, so, starting with #1 In the rear row the 
order in which the cylinders in this row would fire wpuld be 1, 5, 
9, 13, 3, 7, 11. The first cylinder to fire after #1, Is #10 on the 
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front row. Starting with #10 on the front row, the firing order of 
that row would be 10, 14, 4, 8, 12, 2, 6, Now by combining the two 
firing orders so that the firing alternates between the front and 
back rows, the complete firing order will result. The diagram below 
may be of some help In tracing the firing order. 

Two of the earlier types of 
engines which may be classed as 
twin-row radials are the Curtiss 
Chieftain and the Curtiss Chal- 
lenger, The former was a twelve- 
cylinder air cooled engine in 
which the rear cylinders were 
placed directly behind those in 
the front row. 

The Curtiss Challenger was 
an air cooled six-cylinder en- 
gine having a staggered cylinder 
arrangement as shown in Pig. IIL 
Engines of this type were used 
extensively on many types of small planes. The world's refueling en- 
durance record was broken several times by ships powered with Cur- 
tiss Challenger engines. 


F/ring 




CHALLENGER ENGINE, showing staggered 
arrangement of cylinders 


Pig. Ill 
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DIESEL KNGINJ?;S 

The Diesel engine, named aftex' its Inventor, Hudo.lph Diesel, is 
not used in American aircraft at present. However tills type is found 
in some foreign ships, and for that reason a meclianic shotUd, have 
some knowledge of its operations and principles. 

The major differences between the Diesel and the gasoline en- 
gine lie in the type of fuel used, the charging of tlw cylinder and 
the method of Igniting the charge. Diesel engines may employ either 
the two- or four-stroke cycle. 

The fuel used in the Diesel engine is callac! dl still a te, or 
fuel oil . This is a petroleum derivative similar to f'urnaco"””oil. 
Fuel oil is more easily obtained than is gasollin; In some i'oreign 
countries, which may account for the popularity ol‘ the J)i(isel engine 
in these countries. 

DIESEL OPERATION 

The first stroke of the operating cycle, the suction stroke, 
draws a charge of air into the cylinder, as in Fig. I- A. The second, 
or compression stroke, compresses the air in the cylindex* apjjroxim- 
ately 14 to 16 times its original volume. This raises the tempera- 
ture of the air to about 1200*^ F. (The temperature of a gas rises 
when it is compressed.) 



When the piston reaches a point near the end oi its compression 
stroke, fuel is Injected into the cylinder from a fuel inlector pump 
as shown in Pig. I-C. The fuel Ignites as soon as It cornea in con- 
tact with the super-heated air. This combustion forces the piston 
down on the power stroke. 

Near the bottom of the power stroke the single valve opens and 
the exhaust gases are forced out on the exhaust ' stroke of the pis- 
ton. See Pig. I-D. The exhaust gases escape through the open port 
into a cylindrical scoop which Is open at both ends. The air stream 
from the propeller blows through this scoop, quickly clearing it of 
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burned, gases. The single valve remains open, providing the air in- 
take for the next cycle. 

Of course all Diesels do not operate exactly on this principle. 
Some have a sej:)arate valve for both intake and exhaust, and some are 
two-cycle engines. Some, as the Junkers Jumo, have two pistons in 
each cylinder. These engines have two crankshafts, one at each end 
of the cylinder barrel, so arranged that the pistons compress the 
air in the middle of the cylinder barrel. The explosion in this case 
acts on both pistons, forcing them outward. Each crankshaft is gear- 
ed to a stub shaft to which the propeller is attached. 

Control - The engine speed is controlled by a throttle which is 
attached to the fuel injection pumps. Movement of the throttle in- 
creases or decreases the amount of fuel injected by the pump. Diesel 
engines are stopped by pulling the throttle past the Idling speed 
stop. This cuts off the fuel supply to the injection pumps or stops 
the pumps from functioning. In either case no fuel can be delivered 
to the cylinders, therefore the engine stops. 

In starting the engine, the throttle is placed slightly ahead 
of the idling speed stop and the crankshaft turned by a heavy duty 
conventional type electric starter. For cold weather starting the 
cylinders are equipped with glow plugs . These are simply continuous 
operating heating elementsT sbmewnat similar to electric cigar 
lighters, and serve to increase the temperature of the air inside 
the cylinder. 

DIESEL CONSTRUCTION 

Diesel" engines may be either air or liquid cooled. However, due 
to the greater heat generated by these engines the liquid cooling 
has proved to be the more practical. Some experiments have been made 
using steam for cooling. By utilizing steam for the cooling agent it 
is claimed that a higher efficiency is obtained, due to the fact 
that the engine operating temperature can be controlled within the 
range of 300*^ to 400^ P. This means that less of the heat- energy has 
to be dissipated. 

The high compression of Diesels creates more problems than just 
that of cooling. The cylinders and pistons must be stronger than 
those of gasoline engines. The cylinder anchorage and crankcase must 
be stronger. The conventional cast iron piston rings are replaced by 
cast steel rings. This increases the possibility of the piston rings 
^’seizing”, or welding to the cylinder wall, as the two materials are 
nearer the same hardness. 

■ The fuel injection system usually consists of an injection head 
protruding into the cylinder and attached to a small high pressure 
fuel pump. The fuel is subjected to tremendous pressure in the piuap 
and is released, at the correct time, into the Injector either from 
individual cam mechanisms or from a central distributor. After the 
fuel reaches the injector it is sprayed Into the cylinder through an 
extremely fine nozzle. The nozzle discharge opening is sometimes as 
small as .004” in diameter. The discharge nozzles sometimes cause 
trouble because the small hole occasionally becomes plugged with 
carbon. However, if sufficient pressure is exerted on the fuel as it 
enters the nozzle, very little real difficulty is encountered. 



CHAPTER 3 

CONSTRUCTION AND DETAILS 


ENGINE DETAILS 


While it is not necessary for the mechanic to know the construc- 
tion methods used in the fabrication of various aircraft en/-flne 
parts and the metallurgical composition of the matcx^ialo from which 
they are made, it is desirable that he have some idea of the types 
of construction and kinds of metals used. No att,ompt w,UI be made 
here to describe the manufacturing operations for they are clmnginp; 
so rapidly that a process which is popular today may be obsolete to- 
morrow. The aircraft engine plant seldom has a great amount of mass 
production machinery, such as is found in automotive factories. The 
reason for this is obvious; since machinery of this type is v(u7 ex- 
pensive and the designs of aircraft engines change so frequently, 
the Installation of such equipment would not be justified. Many fac- 
tories do use large production machines, but as a rule thes<j are of 
the universal type which can be readily adapted to changes. 

A great number of smaller, individually operated precision ma- 
chines are used, such as lathes, drills, shapers, grinders, etc. 
This equipment is extremely flexible in its range of operation 
though not as economical as regular production machinery. Many small 
hand tools such as drills, hand grinders, etc. are used. 

There are very few, if any, factories that build the entire en- 
gine. Many engine parts are purchased in the finished stage from 
other plants. These often include such items as valves, pistons, 
piston rings, bolts, studs, spark plugs, gaskets, ball bearings, etc. 
Other parts are purchased in an unfinished form and are machined or 
processed at the engine factory. These are usually the rough forg- 
ings or castings of such parts as crankshafts, cylinders, cylinder 
heads, crankcases, etc. 

The materials used in engine construction are the beat obtaina- 
ble. There is very little compromise between cost and quality except 
on some of the smaller engines in which the retail price la of major 
importance. New materials are being developed continuously which are 
stronger, lighter, tougher or otherwise more satisfactory thmx those 
used before. As fast as these new materials are proved to be super- 
ior they supersede the old. This is a progressive attitude, but one 
that necessitates the maintenance of a large research and testing 
department . 

All engine parts must pass a rigid inspection before they are 
used. This is an important consideration in their monufacture, for 
the progress of aviation depends directly upon the reliability of 
the engine. The failure of one small part in an otherwise mechanic- 
ally perfect engine may be sufficient to cause the failure of the 
entire power plant. A few such failures will, of course, seriously 
affect the manufacturer's reputation and consequently his sales. 
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A . T , C o Re qul r erne nt 3 - In addition to testing engine parts the 
entire eng i n e must be tested for operation* Engines of new design 
must he licensed before they may be sold fqr use commercially* Upon 
successful completion of the licensing tests the engine type is giv- 
en what is called an Approved Type Certificate, or ''A.T.C." Some of 
the requirements for obtaining an A.T.C. are given below* (Prom C*A. 
R* bulletin) 

"Ari engine of more than 100 horsepower shall be equipped with a 
dual ignition system having at least two spark plugs per cylinder.” 

”A test report, satisfactory to the Secretary, including a log 
and an affidavit, describing in full detail the manufacturer's block 
test of an engine of the type for which certification is desired. 
The test shall be of at least 100‘ hours duration, of which 50 hours 
shall be at full throttle at an average speed within plus or minus 3 
per cent of the proposed rated speed and 50 hours at 75 per cent of 
the proposed rated power at propeller load speed. The submission of 
this test report will not be deemed necessary by the secretary for 
modified engines of a type previously tested which do not incorpor- 
ate changes in the general arrangement, number of cylinders or dis- 
placement, or an appreciable increase in power or speed*” 

”A detailed report, supported by affidavit, of a 10-hour flight 
test of the engine. This test shall include a climb at full throttle 
to 15,000 feet or to the service ceiling of the airplane. The report 
shall completely describe the test and the results thereof and shall 
include dates, the names of persons involved and particulars of the 
airplane. The engine used for this test may be the same engine as 
submitted for the endurance test or may be another engine of the 
same type.” 

”A 50-hour full throttle endurance test of the engine described 
in accordance with paragraph 13.202 shall be run in periods of at 
least 5 hours each on consecutive working days except that interrup- 
tions to such schedule are permissible if explained to the satisfac- 
tion of the secretary. The test shall be witnessed by an authorized 
Bureau inspector,” 

”The engine shall be run at a speed approximately equal to the 
proposed rated speed and with the manufacturer » s recommended setting 
of the ignition timing, mixture control and intake heat control. The 
grade of fuel used during the test will be the lowest approved for 
use in the engine when certificated. Excessive adjustment to the en- 
gine or dependence upon excessive fuel or oil consumption for proper 
cooling during the test will be considered cause for denial of cer- 
tification by the Secretary.” 

”Not more than three forced stops caused by the engine shall be 
allowed during the endurance test. A run of 5 hours shall be 
to the test for each forced stop made. Failure of accessories shall 
not necessarily be considered a forced stop. If the power in a dyna- 
mometer run dropa as rauoh as 10 per cent, due allowance being made 
for atmoapherlo conditions, this shall constitute a forced stop. If 
a propeller is used to absorb the power during the endurance test. 
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variations in speed of plus or minus 3 par cant ai'e peimi! sslble* a 
variation in speed in excess of this amount due to at,moa plieric con- 
ditions will not be considered a forced atop but the propellcu" shall 
be changed to correct for the conditions* Excessive water*, fuel or 
oil leaks developing at the engine shall constitute for*ceti stu|)s. in 
all cases the Secretary shall be the judge as to what constitutes a 
forced stop* An engine failure of a type which could cause an imme- 
diate forced landing in flight or require the replacement of a, major 
part of the engine shall terminate the test*'^ 

"Complete readings of the perfomance of tiu^ engine sliail be 
recorded at least every half-hour throughout the ondurance tost. The 
following readings are essential: 

(a) Crankshaft speed in revolutions per minute* 

(b) Manifold pressure* 

(c) Temperatures of the two hottest cylinder heads and barrels if 
air cooled, or of the inlet and outlet liquid if liquid cooled. 

(d) Fuel consumption, 

(e) Oil consumption 

(f) Oil inlet and outlet temperatures. 

(g) Oil pressure. 

(h) Air velocity or pressure difference over the cylinder heads 
if air cooled, 

(i) Barometric pressure. 

(j) Temperature (dry and wet bulb). 

(k) Engine air Inlet temperature and pressure." 

CyLINDERS 

Although the overhead- valve cylinder is the most widely used to- 
day, there are other types worthy of mention. Fig* I shows the p'rln- 
clple of the L-head construction. In this the combust lun ciuuutaa' is 
extended to one side of the cylinder boro and both valves are placed 
in this offset. The valves are usually located in sucli a manner tluit 
they open the port when they are pushed up. This oliminabon the need 
for rocker amis, as the valves can be actuated directly by pushroUs. 
This type of construction is used frequently In small horiiu)ntally 
opposed engines. 
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Another type of cylinder la the T-head, 'shown In Pig. II. This 
Is similar to the ],-head, except that the valves are located on op- 
posite aides of the cylinder bore. The valves are actuated in the 
same manner an those on the L-head cylinder, but usually require the 

use of two camshafts* 

PISTONS 

Pistons arc usually made of some form of aluminum alloy, al- 
though In a few of tiia smaller engines cast iron pistons are used. 
Pig, I show:' a croSsS section of a typical piston with the various 
parts muned. The top of the piston is called the head. There are 
various types of piston heads; the concave, indicated by tlie dotted 
line, a; the flat head. Indicated by the solid line, b; the half- 
dome, indicated by the dotted line, c; and the full dome indicated 
by the dotted line, d. The wrist pin is suppiorted by an enlarged 
section called the T) 033 . Tiie lower part of the piston, or the por- 
tion below the boss. Is called the skirt , _s, whicli usually contains 
one or two grooves for oil control rings. Many times the piston is 
reinforced by integrally cast ribs, or fins, f , bn the inside of the 
head. These fins also to transmit the Heat more rapidly away 
from the piston head. 



Fig. II shows two Wasp pistons. 
Notice the reinforced boss sec- 
tion and the webbed reinforcings 
and cooling fins on the under 
side of the head- The flat head 
contains two recesses for the ex- 
haust and Intake valves. These 
Indentations provide sufficient 
clearance to allow the valves to 
open wide and still not strike 
the piston when it is on top cen- 
ter. 



Fig. II 
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PISTON RINGS 

Piston rings are carefully machined from a iipt*ciril grade of 
cast iron containing carbon, manganese, phosplioroua an<i aulpiiut'. The 
composition of the alloy used by the U. S. Hammered IM ston Hiiig Co, 
contains a percentage of graphitic carbon, a natural lubricant vd.lch 
serves to reduce ring friction. 

Piston rings are machined to the exact Blze rcc.ulreti and then 
cut at one point. After being cut they are pee ned , or hajureiaui, on 
the bottom (or inside of ring) to expand the rIaig'lTl am(5 te.r . V/hen the 
completecf ring is compressed to cylinder size it roturna bo Its ori- 
ginally machined shape, a true circle, but it now has a tendency to 
expand when inserted in the cylinder. Tlie force with which a ring 
presses against the cylinder walls is called t 1 on . The usual 

tension is approximately 4'^* lbs. per sq. in. o"F’TfeT i’F fn// "m u i* f a c e , de- 
pending further on Individual requirements. 

One of the most coinmon types of 
ring Joints or gap s is shown in Pig. 

I“A. This is called the scarf cut , 
or diagonal. Another popular Fyp©' Ts 
step cut . Illustrated in Pig* I- 
B. When piston rings are installed 
the ends are filed so that the gap 
clearance, or the distance between 
the ends of the ring when compressed 
to cylinder size, is about .004” to 
.006” per inch of ring diameter. 

This is necessary to allow the ring 
to expand when heated. Insufficient gap 
rapid wear, broken rings or piston damage. Note : The exact gap 
clearance is given by the engine manufacturer in the instruction 
book. 


l:::::: 
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clearance will result in 


piston rings are divided into two classifications with rospoct 
to their use, compression rings , and oil cont r ol rings . Compression 
rings are usually the~ top rings on a piston find servo mainly to foxm 
the compression seal. These rings are square or rectangular in cross 
section, as shown in Pig. II-A. The oil control rings arc usually 
the bottom piston rings and serve not only to improve compression 
but to prevent the lubricating oil on the cylinder wall from working 
into the combustion chamber. Probably the most comirion type of oil 
control ring is the bevel ring, sometimes called the oil wipe r rirxg . 
Pig. II-B. Another popular type is the grooved, or v e n b I'l ? uff , 
Pig. II-C. This ring has small holes or slots whlcli 'ISTl 

which accumulates in the 
groove to drain into the 
piston ring groove, where 
it returns to the crank- 
case through small holes 
in the piston. 

AIRCRAPT VALVES 

Aircraft valves must 
be designed to withstand 
the high' temperature and 
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hard uaape received In an aircraft engine. They must he improved 
constantly to meet the increasing requirements of larger a^rmoS 
powerful engines. Considerable research and technical engine eS 
are necessary to produce valves that will satisfactorily meerthf 
stringent requirements of aircraft engines, por this reason most S- 
glne manulactuiei 3 purchase engine valves from an outside source in 
preference to manulacturlng them in their own factories. 

Tho following condensed discussion of aircraft valves was writ- 
ten especially for this book by A. T. Colwell of the Thompson Prod- 
ucts, Inc., one oi. tho largest manufacturers of aircraft engine 

valves. 



Fig- I Thompson Aircraft Valves 


"Exliaunt valvea uyed in aircraft engines must be made of a steel 
that will have atrength and resist oxidation and corrosion at high 
temperature. Solid atoal exhaust valves reach temperatures as high 
as 1450<^ F,, or more. This is too high for satisfactory service and 
BXi offeotivQ cooling means must be incorporated within the valve it- 
self, Sodium cooling reduces tho valve temperature 300 to 400^ F. 

’^The stiiol most commonly used is a high nickel high chromium 
steel that has strength and resistance to oxidation. Unfortunately 
this steel cannot be hardened beyond what it normally is and this is 
not a surriclnnt hardness for the tip end. In order to give the tip 
end the xxiqtalred hardness to resist wear through contact with the 
rocker arm mechanism a high carbon steel tip is welded on. This tip 
can then be hanlened by heat treatment. The tip may also be welded 
stellite • 

”Th6 valve steal i® also a comparatively poor conductor of heat; 
about one-third m good as ordinary steal. Heat dissipation is 
therefore slow and the valve head reaches abnormally high tempera- 
tures. Valve cooling can be accomplished by making the interior of 
the valve hollow and adding a material that will transmit heat rap- 
idly to the cooler parts of the valve. 
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"Exhaust valves are usually made v/ith a cavity rro:n 
within about 1-1/2 inches of the tip dov/ri the stein and wrri into the 
head (hollow stem valves), or better yet witii a /Tia’at:];, onlnr/^od 
cavity in the valve head‘ in addition to the stem cavit.y (h'^llow iiead 
valves). The cavity reduces the weir;ht of the valve aa vv •] 1 an pro- 
viding a place for the cooling medium. 

"Metallic sodium is very satisfactory an a cuadhig medium, it 
is an excellent conductor of heat - over nix times bt'ilor than'tiie 
valve steel; it is light in woi/’;ht - no heavte.r tiian water; it; nioits 
at 208^ F., which means that it is licjuld at nperating lamipoivi tux^es 
and thus transfers heat by convection or circulathnn as woll nr. con- 
duction. Valves filled 60 to 70 per cent full of mtd.alilc sodium are 
very effective in transferring heat from the head of tiui valve to 
the stem and thence to the guide wliere it la dlsrdpatod into tiio 
cylinder head* Valves containing metallic aodiimi are cumipliduhi y 
closed in by forging and welding at the tip end; there in little 
chance of its leaking out. 

"Exhaust valve faces (seating surfaces) aro eitho'x* t,he valve 
steel itself or stellite. Stellite faces have about l/lG inch* of 
stellite welded to the steel. This improves the face both as a seal- 
ing surface and in its resistance to the action of the hot gases. 

"Valves that have stellited faces are at tluj factory. 
This lapping operation is done to aid in ins poet ing, tlio aux'face of 
the stellite for defects that could not readily be seen 'on the 
ground surface. The characteristic lapped finish apjusnrs on the 
stellited faces of new valves. 

"If stellited valves are refaced for any reason only a s.ma;!'.'! a- 
mount (.010) should be removed. The stellite on a new vu:ivr> Is only 
3/64 to l/l6 thick and also there is danger of dere<;t;s appfnslng o!i 
the new surface if too much stellite la removed. 

"The valve steel even though it cannot be hardened by ordinaxy 
heat treatment is normally hard enough to make a satisfactory bear- 
ing surface for the stem. The stem hardness can be gro.ablv Incrunseci 
however, by a nitriding treatment. This treatment’ giver/' the r»tom a 
file hard surface of about .005 inch penetration. Th(^ natui-o of this 
nltrided surface gives it an excellent wear resistaxxco. 

"Other exhaust valve steels are used parti cinlax'ly in caxdicr 
valves. High tungsten steel and cobalt chromium steel coimnonly used 
in earlier valves have different characteristics from the) rtcufl most 
widely used at present. They can be hardened and have strangtii at 
temperatures up to 1000 P., but strexigth and reslatanco to oxida- 
tion are low at the higher temperatures. 

^ valves are made of txmgsten steel, chrome nickel ataol 
and other steels. The valves are solid and consequently the stem 
sizes are smaller than those of exhaust valves. Tungsten steol can 

sufficient strength at operating temperatures. 
If better oxidation and corrosion resistance is required, CNS steal 
is used. This steel can be hardened, but in some cases a high carbon 
steel tip la welded on to obtain a greater hardness. 
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'^Insert seat materials are limited to those that have high e- 
nomy\ expansion characteristics so that they will stay in the alumi- 
num alloy cylinder head. Aluminum bronze has good heat dissipating 
proptrrlitMJ and t acre lore does not overheat easily, Nickel chromium 
steel can stand much higher temperatures* and works well with the 
stellite face on the valve. 

”The design of the valve depends somewhat upon the type it is 
to bo. Eoi' oxiimple, a hollow head valve would have a crowned head 
whereas a valve with hollow stem only would probably have a shallow 
cuppoi* henai. Intake valves usually have a semi -tulip- shaped head. 

‘JViQve faces are usually 30 or 45^. The valve face is from l/8 
to 7/v:l: (irucasurcd parallel to the valve axis) wide on average size 
valves. .Vide seating surfaces permit better heat dissipation from 
the va.lv<‘ to tho cylinder head. There is a limit, however, beyond 
which nc^ gain In heat dissipation is obtained by Increasing the 
widtli of seating surface. 

"The position of the valve face on the seat of the insert in the 
cylinder^ head is such that the valve face projects beyond the seat- 
ing surface about .015 bo .025 inch (measured parallel to the axis) 
on both the port and combustion chamber side. Reflnishing the seat 
of the .lnstu''t ’"ill reduce the amount the valve face projects beyond 
the seat on the combustion chamber side unless the top of the insert 
is refinishod at the same time. Therefore, if the seat is refinished 
to the extent that the valve face does not project beyond, then the 
top of tiie insert should be removed until it does. Refinishing the 
valve face will cause more of the face to project into the port but 
does not change the amount projecting into the combustion chamber. 

"As tlio valve head becomes heated in operation it expands more 
thiin t.hu scat Xu the cylinder and thus tends to climb higher on its 
seat. Temperature changes in the valve therefore shift the contact 
surfaces a slight amount. Also, the contact surfaces may vary some- 
what due to weaving of the valve in operation. For these reasons it 
is de a liable to liave straight smooth seating surfaces with no more 
lapping than necessary to make a tight seal. 

"The Wright Cyclone exhaust valve has an interference fit. In 
order to get good seating at operating temperatures the valve face 
angle la made 29-1/4^ to 29-1/2^ for a 30° seat. Therefore, this 
vaive cannot be lapped to the seat except for a line contact at the 

outer edge. 

"Retainer lock grooves are of many different designs. These 
groovos are accurately ground and the retainer locks accurately made. 
If either the grooves or locks are Injured in any way they should be 
repaired before assembly, otherwise they may be the cause of failure. 

"Safety grooves are placed on valves to prevent them from drop- 
ping into the cylinder in case failure occurs at the retainer lock 
or a spring breaks. A snap ring is placed in the safety groove as 
soon as the valve is assembled which prevents it from slipping 
through the guide." 
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SPARK PLUGS 

One~of~the most Important parts of the engine Is tin* apar*k plug. 
Without a spark, there can be no ignition and, hence, no opei'atlon 
of the engine. 



Fig. I 

‘ Spark plugs for aviation engines not only nmst bcj more depandn"” 
hie than those used in automobiles or boats, but they nre usually- 
called upon to withstand much more severe service. For these reasons 
they are made of expensive materials and with groat care. 

A spark plug consists of a shell, which screws Into the cylliider 
head, and a core which usually screws into the shall* The core is 
composed of the hushing , which is a threaded metal sleov’e firmly at- 
tached tc the rest of the core, an Insulator of mica or porcelain 
^ oQnter electrode , to the terminal of which is attached the 
high tension wire from the magnetol JEe^other end of the canter el- 
ectrode terminates in a cylindrical portion about 5 / 52 ^’ in dirmeter 
wMch is one of the points . The other point or points are part of 
the shell. The Insulation of most aviation plugs is made of disks of 
mica, compressed into a cylinder enclosing the center electrode* 
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copper naskota arc used between the core and the shell and between 

the aheli and the onRino so that there will be no leakage, or lots 

of compiH'iriSioru -i-uss 


The high tension current enters the 
terminal from the ignition v/ire, runs 
through the center electrode to the center 
point and jumps the £ap to one of the 
points on the shell, and7 thence, throxigh 
the metal of the engine, which acts as a 
ground, back to the magneto. If the gap is 
closed so that the points touch, or if the 
plug is fouled by oil or carbon so that 
t/ho current does not have to juinp, there 
will be no spark, if the gap is too wide, 
the spark will be too weak to give proper 
ignition. ^ 

On airplanes equipped with radio, the 
plugs jxnd ail ignition wiring, usually called the harness, are 
shi elded wltli floxiblo metal tubing, so that the spiEEs — iill not 
distuib t!io operation of the r^idio. A cross section of a B.G. 
shielded rdav-t Is shown in Fig. II and the outside of the same plug 
in Fig. I- TiiC type of plug known as a plug has a relatively 
long section oi* insulation exposed to the heat of the cylinder. This 
absorbs the heat and in low compression engines or engines which use 
a large amount of oil the hot plug burns off any oil immediately, 
tlms ]'»r<^vent.ing fouling, a cold plug has a much shorter Insulation 
inside t<ne cylliuier and is used on high compression engines, where 
the tein|W')*ature of the cylinder is likely to be high, pig. Ill shows 
three length;, i of cores, a is from a hot plug, B from a medliom, and C 
a cold. ■” ~ 



A B C 
Fig. Ill 


Tlie thread on aviation plugs is metric, with a diameter of 18 
mm. arul a pitch of l.b mm. The length of the threaded portion is 
knov;n as t}.<> r ea.c h arui is l/2’‘ on American engines. 



SECTION OP MICA PLUG 

A - Terminal 
B - Center electrode 
C - Core 
D - Bushing 
E - Shell 
F " Gasket 

G - Adjustable points 
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COOLING LIQUID Pm. PS 


Liquid cooled engines? i*oquii*o a cooling; li- 
quid purrip such as tliat used oti the Cui*ti:ir. C“n- 
queror, and illuatrated in Fip; . I. luiiqja ol,‘ Idiia 
type are used to insure constant cii'culation of 
the coolant while the engitio is running. A two-' 
piece housing encloses an impelln.r, i, whlc.L .is 
turned by a sha;ft geared to the engine acces. s.cd-y 
drive. A soft gasket prevents loakjv’:o at the 
housing parting surfaces. A pack in g glfin d in- 
sures a water-tight seal around 'Tlio iiupTTllcjr 
shaft. This gland consists of several split, 
graphite packing washers, w, placed around tho 
shaft and fitted Inside of a rotalnlng cup. The 
packing washers ai^e compressed by tigiitenlng a 
packing gland nvit, n, which is threaded on tiie 
retaining cup. As tEe packing washei's are com- 
pressed, they expand aufricieutly to prevent 
leakage around the shaft, yot still allow the 
shaft to rotate, A spring steel safety clasp, 
is cormnonly used to prevent accidental loosening 
of the gland nut. Pump packing cord is sometlsics 
used in place of packing washors, however in e,l- 
ther case the packing is ti'eatod with graphite 
which not only helps provide a bettei* seal, Imt 
aids materially in lubricating'; the shaft. Addi- 
tional lubrication is supplied by foi'cing u wa- 
terproof grease ttoough a drilled passage to tho 
shaft at the lower end of the retaining cup. 


Pig. I 


In service, the packing gland must be tightt.fnod at; Croquont in- 
tervals as the continued rotation of the impcllt’r shaft t<uuUi to 
harden the packing. Tightening the gland nut furtlier ccmqrrnostts the 
packing which, in effect, renews the shaft seal. A nogloctnd i^acking 
gland leak causes considerable trouble, as the scMqjago of liqu.ld 
eventually corrodes the shaft. A shaft thus rougheiujd by corrosion 
will tear and grind the packing until It Is impossiblo' to make a 
permanently tight seal. This trouble is to some extent correctn*d by 
the use of stainless steel impeller shal^ts. 

BEARINGS 

Bearings serve not only to reduce friction between moving parts, 
but also to provide an inexpensive replacement, elim.lnatlnf'; the nec- 
essity of discarding more expensive parts after frictional wear. The 
type used in aircraft engines may be roughly divided into tliree 
classifications; plain, roller and ball bearing. 

Plain Bearings - Babbitt, brass, and bronze are commonly used 
plain bearings. The general principle observed in datc»rmining a 
bearing material is the selection of a material that is hard enough 
to withstand considerable wear and yet softer than the material with 
which it is in contact. Plain bearings must also rapidly conduct 
heat away from points where friction occurs. For example, it would 
be possible to make valve guides an integral part of a cylinder head 
casting. If this were done the bearing surface for the valve stem 
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wovild bo of alutiiintirn alloy, which is much 
softer than the valve stem. The frictional 
heat produced by the operation of the valve 
would be quickly conducted to other parts 
of the head and finally dissipated by the 
cooliny fins. Howevoi^, the valve stems, be- 
ing so much liarder than the valve guides, 
would tiulckly wear away the aluminum. The 
entire cylinder would have to be rejolaced 
to renew the valve guj.dea. This expensive 
replaceirrurt Is made unnecessary by the use 
of bronne valve rjuide Inserts. The bronze 
wil.l not wear away as quickly as aluminum 
and tlio separate guide may be replaced when 
it becomes worn. 

Anotht‘r example illustrating the impor- 
tance of bearings is the joint between the 
connecting rod and crankshaft, both of 
which fiu'e made of hard steel. If there were 
no soft material between these parts, there 
would not be much wear, biat excessive heat 
would be produced, and as hard steel is not 
a good conductor the heat would remain con- 
centrated at this point. Any such concen- 
tration of heat would cause two metals of 
equal hardness to seize , or weld themselves 
toget.her, reau] t ing ' Irr'di sast er to the engine, 
sible to run the engine without the connecting rod and crankshaft 
seizing, natural wear would finally necessitate the replacement of 
one or both of these parts. Either eventuality is avoided by the use 
of a bearing between these two parts. 

The following list gives the location and types of some of the 
plain bearings used In aircraft engines: 

Crankshaft journal bearings: Babbitt or steel-backed lead bronze 
Connecting rod main bearing; Babbitt, steel-backed lead bronze, 

or steel-backed cadmiimi 
?/rist pin bearing: Brass or bronze 
Knuckle pin bearing: Brass or bronze 
Drive shaft bearing: Brass or bronze 

Hollar Bearings - Fig. I shows a cross section view of a stand- 
ard type roller bearing, which consists of an outer race , a, an In - 
ner race, b, two retainer rings, c, and the rollers, d. The entire 
bearing is made of hardened steel. It is used where a heavy, low 
friction bearing is needed, such as on the crankshaft journals in a 
radial engine. 

Ball Bearings - Fig. II shows a cross section of a typical ball 
bearing consisting of inner and outer races and the steel balls. 
Bearings of this type are not as strong as roller bearings, but e- 
liminate more friction. There are many types of ball bearings made 
for use on almost any rotating shaft. Most aircraft engines use ball 
bearings to absorb the propeller thrust. 
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Fig. II Fig. Ill Fig. iV 

Shielded ball bearings of the type shown In Fig. Ill are used 
in exposed places. The shielding serves to keep thf lubiG cation in 
and to keep foreign matter out. 

Bearings which are contained in a special liou ain g: .such as il- 
lustrated in Fig. IV are self-aligning bearings. As' wII'J hn seen by 
the illustration, the bearing housing permits a slight movement of 
the outer bearing race to compensate for any misallgmnont between 
the shaft and the bearing retaining surface. Self-aligning bearings 
are frequently used where precision alignments are required, such as 
on impeller shafts. They are also used where it Is imi'ract.l cal to 
obtain perfect bearing alignment such as airplane control hinges, 
bell cranks, etc. 

EXHAUST SYSTEMS 

The exhaust system, broadly speaking, embiraces all tho.^e parts 
of the engine and accessories which conduct the oxhaixst gaa^ts from 
the combustion chamber to the open air. This includes such items as 
exhaust valves, exhaust ports, exhaust valve mechanisms, t^xhaust 
stacks, manifolds, etc., and for this reason it is diaemssod uruior 
''Engine parts." However, the term "exhaust system" is uatially con- 
strued to mean the pipes, manifolds, etc,, which take the exhaust 
gases from the cylinder to the open air. 

Short Stacks - Probably the simplest fom of exhaust system is 
the s o - c al ie3r ' sKb r stack.'* This typ)e of exlaauat wnn used to a 
great extent on many of the early aviation enf^inea, notably the 
"Hisso" and Liberty, and is common on in-line engines on military 
airplanes today. These stacks coxxsist of short sections of tube or 
pipe fastened directly to the cylinder port, tholr main purpose be- 
ing simply to lead the exhaust gas from the engine to the outside of 
the cowling. 

Short' stacks have the advantage of being simple, easy to make 
and maintain, light and inexpensive. They also serve to soma extent 
to control the direction of the exhaust without causing any back 
pressure. The main objections to short stacks are that they have no 
muffling or quieting effect on the exhaust noise, they do not lead 
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the gases away from the 
coclcpit and they do not 
afford sufficient pro- 
tection to the exhaust 
mechanism, . Stacks of 
this type permit too rap- 
id changes in tempera- 
ture of the exiiauat port, 
which, in many cases, re- 
sults in warped valves, 
warped seats, etc. This 
is particularly notice- 
able when the ship is 
performing maneuvers such 
as slips and stalls. Ano- 




ther disadvantage of 

short stacks is that they do not shield the flame of the exhaust 
from view. Wliile the exliaust flames of a properly running engine are 
not apparent in daytime, they are plainly visible at night and are 
likely to interfere with the pilot's vision. This is not only dis- 
agreeable but may oe dangerous, especially in landing. 


Bayonet Stacks - An improvement over the simple short stack is 
the "bayonet” stack. This type of stack has the advantage of being a 
little quieter and also of having better control over the direction 
of the exhaust gases, ivhen properly designed and installed, the air 
stream causes a slight suction as it passes by the opening in the 
stack. The reduced pressure thus created helps to eliminate the 
waste gases, preventing any back pressure. 


Exhaust Manifolds - Pig. 

Ill shows a simple arrangement 
to exliaust gas from a 4 cylin- 
der in-line engine through 
short connecting stacks into 
one common collector manifold. 

Prom this manifold the exhaust 
gases may be led through a 
single large tube to any point 
desired. To prevent the gas from smoking up parts of the airplane, 
and to reduce the fire hazard, the exhaust discharge is directed to 
a point above or below the wing. On some ships the pipe is carried 
back past the trailing edge of the wing. A long exhaust such as this 
tends to eliminate some of the noise. 



Manifolds protect the valves from sudden changes in temperature 
by preventing the air stream from reaching the exhaust ports. Howev- 
er, they must be carefully designed to prevent any possibility of 
back pressure. If the exhaust gases from the individual cylinders 
cannot escape from the manifold as rapidly as they enter, a positive 
pressure is built up inside the manifold. This pressure slows up the 
exhaust escape from each cylinder, thus preventing the thorough 
scavenging or cleaning of the cylinders at the end of each power cy- 
cle. Exhaust gases, if left In the cylinder, mix with the incoming 
fuel charge resulting in considerable loss of power. Back pressure 
in an exhaust manifold may be caused by too small a discharge tube, 
by a partially closed or obstructed opening, or by sharp bends or 
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kinks in the Furthermoro, If the axha\ist tube in no located 

that the air stream retards the exhaust gases, it has the same ef- 
fect as a partially closed opening. 

Collector Rings - Collector rings serve the name pu,rponci for 
the radial engih^^tlint the exhaust mauifold dors for the in-line en- 
gine. The collector ring is considerably more difficult tc* design^ 
both from the standpoint of engineering and conntxnict ion details, it 
must be built so that it collects the gasc>s from euich cylinder into 
a common manifold which, of course, must be made in tlte siiape of a 
ring. This necessitates many turns and bonds in tiie exhaust line, 
each of which is a potential source of back prossura. A fXexdble or 
slip Joint must also be provided between each cylinder and the, ring 
to facilitate the removal of one cylinder without removing tlu: <;n- 
tire collector ring. Those Joints also allow a certain .'uuivunt of ad- 
justment to compensate for any alignment necessar'y ns well as pr-o- 
viding for unequal expansion when the rinA’: becomos heuited. 

Collector rings are usually mounted directdly behUui the cylin- 
ders and are supported by fastenings to the ongine. One notable ex- 
ception is the Wright Wliirlwlnd, which has the colitHdun* rin/,’; in 
front of the cylinders. The exhaust tube which carrions the gases 
back to the point of discharge is supported in at least one or two 
places by attachments to the engine mount or fuselaA^t;. This mak(is j,t 
necessary to provide some type of vibration Joint betr.veori the col- 
lector ring and the exhaust tube, as the periods ol' vibiuitlun of the 
engine and the engine mount are different. Ilnloss the tubt' ir. pro- 
vided with such a Joint, this vari- 
ation in the periods of vibration 
will cause it to crack. Some ex- 
haust systems have a flexible metal 
hose connecting the tube to the 
ring to provide the necessary ab- 
sorption of vibration. This method 
is not entirely satisfactory, as 
the flexible hose connection causes 
considerable trouble by burning out 
or rusting- A more comition type of 
vibration Joint is the slip Joint 
shown in Pig. IV, 

Construction of Exhaust Systems 
Some exhaust manifolds , lines," 
rings, etc., are made of low carbon 
steel as this metal is strong for 
its weight and yet soft enough to 
withstand considerable vibration 
without cracking. The thickness of 
the metal varies with the horse- 
power of the engine and the design 
and installation of the system. If 
the metal is too thick it will have 

a tendency to crack and warp out of shape due to th© uneven heating 
and cooling* For this reason, as well as to keep down weight, the 
metal used is as thin as possible# yet heavy enough to preivent the 
high exhaust flame temperatures from burning through. Also if the 
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metal Is too thin it will have a tendency to buckle. The range of 
thicknesses which may be safely used is rather limited, ranging from 
.055" to .065" in tiiickness. 

Black iron exhaust stacks and collector rings have not proved 
to be very satisfactory due to their rapid deterioration when sub- 
jected to the corx'osive effects of tetra-ethyl fuels and the high 
exhaust temperatures of the larger engines. These objectionable fea- 
tures have been almost entirely eliminated by the use of stainless 
st 0 €O. and Inconel. 

Stainless steel collector rings are made in several half sec- 
tions and welded along the seams. The half sections are stamped from 
flat sheet stock, using a zinc femele die and a lead male punch. Af- 
ter the collector ring has been welded it Is checked, for alignment 
and then "normalized" by heating to a temperature above the scaling 
point of stainless steel (1900^ p) . This is done to eliminate any 
localized stress which may hsve resulted from the welding. After 
normalizing, the ring is pickled to remove the scale and is then 
subjected to a b^th of nitric acid to prevent corrosion in use. The 
latter process is called passivating . 

Exhaust Heat for Carburet ion - For cold weather operation of 
airplane engines it is necessary to supply heat to the carburetor 
manifold. Tnls is done by directing the exhaust from one or more 
cylinders, by means of specially constructed heater tubes, through 
the carburetor manifold. These heater tubes are cslled hot spots, one 

type of which is shown in 
Pig. V. In some cases the 
exhaust gases are allowed 
to escape into the open air 
after they leave the carbu- 
retor manifold; in others 
they are returned to the 
exhaust manifold, where 
they are exhausted through 
the main discharge tube. 
Often the exhaust heat is 
utilized in a similar man- 
ner to preheat the air be - 
fore it enters the carbure- 
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Q pre pnd inspection of Exhaust Systems - Althovigh the exhaust 
system Is only a small portion of the power plant it demands consid- 
erable nttentlon, as cracks and rust spots will develop quickly and 
spread ranidly unless checked in time. If the exhaust manifolds are 
made of stainless steel the oxidizing, or rusting, is practically 
eliminated. Plain steel stacks should be protected against oxidizing 
and this may be done by painting or metallizing. The paint used is a 
special heat-resisting paint or synthetic enamel. Several manufac- 
turers make a special exhaust stack paint for this purpose. Due to 
the high stack temperature and the rapid expansion and contraction 
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of the metal, very few paints will stand oepeainDy If aub1f‘ct;t»d 

to salt water spray, as on a seaplane. This makfs it nrc^r.nn r^y to 
watch constantly the condition of the Eiaint aiui to rr'touch or‘ten' 
painted stacks should really bo rfanovod every three to a I x/tunrit;hs ' 
depending upon the amount of use, and thoroiighly cllranini ( rrei’erahl 'r 
with sand blast), checked for cracks, and re-paintaai . 

The most satisfactory process for preventing oxidation !a met- 
allizing. In this process the surface is first prepared by roughen- 
ing it slightly with a sand blast and tiumi apT*ayln,.>; n thin coating 
of molten metal on the surface. The metal used in' this connection is 
usually aluminum, although In some cases cadmium is ustui. in e.lther 
case metallizing is more durable than paint . 

The exhaust system should be inspected j*or cracka nt lenet once 
every twenty to twenty-five hours of flying. Cracks are most, likely 
to develop around welds in samns and joints. Tlii s mav he due to the 
metal being in a slight tension in such places, or It may be duo to 
the hardening effect produced by the high t omp»u*ature of welding, or 
general deterioration of the exhaust stack, if a crack is fotnifi the 
stack should be removed and the crack repaired by an export 'woltleru 
If it is Impossible to repair the stack Immedlatory a small hoXo ul 
bout 1/8" in diameter should be drilled througii tiio stack at. the end 
of the crack, or at each end of the cxaick if one end does not; toi'm- 
inate in a weld. If it has been necessary to repair t;he stack sovor- 
al times before, the complete stack should be replaced if possibles 
since continued welding makes a stack brittle, ’ ^ 


If there are any flexible metal tubes in the system th<ty should 
be Inspected as often as possible. These tubes aro‘ nocessarlly rnudo 
of very thin metal, with the result that any n<igloctod rust spots 
spre&d rapidly, thus endangering the life of the hose. Ofttui t'neso 
ilexible metal tubes are installed in such a manner that the heat 
from the exhaust gases is concentrated on one portion of tho tube. 
This is first Indicated by the darker color of tho tube at the point 
in question. These points must be watched carefully as a hole enlar- 
ges rapidly if the tube burns through. 


joint connections should b© ca,refully chocked to make 
sure they have not rusted to the point of failure. All vibration 
sleeves should be inspected for alignment and secure anchoririgs . The 
entire exhaust system should be inspected for Its anohorago. This is 
Jarring it with the hand to see if it rattles. Any 
be Investigated and corrected immediately. Failure of 
the exhaust system often leads to fatal fires. 

cylinders should be checked to make 

ed b/fi ^ gasket Is usually Indlcat- 

ed by a smoked streak on the cylinder. Needless to say, any dsmared 

f^not replaced I^mmedlately. If a standard lihaSst gaS 

iabeshf satisfactory substitute can be made from sheet 

used to replace a copper bound 
^® ®^^Shpy thicker than the original gasket, as It 
will be compressed more when tightened. ^ 


Although brass nuts are 
studs because they are not as 


usually used on exhaust port oyllndar 
likely to freeze to the stud as steel. 
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air heater is shown i -n -d-? ^ -r- , 

li.int to raise t:^ device 

i.« nrcviri-./. of the air 


it is a Eoocl practice to vnt n few drops of penetr>Q-e-? 
nuts at each Ins poet ion. It Is not considered. these 

tightness of those nuts at oachi inspection urn check the 

some cause to Inilieve an exh/iust gasket is leaking ^ has been 

CARBURETOR AI K HE ATER 

a" tyFlcTnr'iraoi’bTi rot;o r 
utilizes the exhaust gas 

admitted into the carburetor. It is provided with' o t 4. 

late the amount of heat dollverod to the heatlno- 

within limits, covems chamber which, 

the heat of the intake 
air. The follov/ing de- 
scription of tin? Dmc- 
tion and operation of 
the air heater is from 
the Wright Aeronautic- 
al Corporation's in- 
struction rn an u <a 1 . 

"Air Heater rat ion*' 

TiiVf "f 'o I'TO a t' f eSr "”"of 
ice In the carburetor 
can be prevented or 
relieved by the use of 
the c a rbu re t o r air 
heater. Any rc^ \ i/--; hn s a 
may be eliminated or 
reduced by using the 
heater. .Vlien in doubt 
always use the air 
heater. 

”The imj-jortant 
function of the air 
heater is to prevent 
formation of ice in 
the carburet; or vontiiri. 

Vaporize 1 1 on of the 

fuel as it leaves the discharge nozzle of the carburetor causes a 
temperature drop at this point. This temperature drop depends upon 
the volatility of the fuel, the fuel air mixture ratio, and other 
factors . 



Wright Whirlwind Carburetor Air Heater 
Fig. I 


’^Under certain conditions the drop in temperature causes the 
water vapor in the air flowing past the discharge nozzle to condense 
and freeze, and ice is deposited on the nozzle, and sometimes on the 
venturi or other parts of the Induction passage beyond the nozzle* 
There have been cases of ice forming on the butterfly valve to such 
an extent that the throttle could not be moved* 

"This ice formation is dangerous for two reasons - 

a. It chokes the air passage causing loss of power, and under 
the worst conditions may cause complete stoppage of the en- 
gine . 
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bp Small pieces of Ice may break o.ft‘ and h^-' ('arried into the 
supercharger Impeller, thus damfigiTig the biiMter. «d‘ the im- 
peller because of the high rotative sjfM'cl oV tiiJa unit. 
This may occur when the engine la apj'^^^rent ly t'unct. Inning in 
a normal mfmner so tiiat exteuslvt? tinmage may br IntMirred 
without the operator knowing it, unions t;h^» luau ru'ocau- 
tions are tal<en in the use of the air hoad.or, 

"Ice formation is most likely tn occur dtirlnr dami^ or rainy 
weather in the fall or spring, when the atmosphf*r1c humlfitty la high 
and the ground air temperature betwetm 50^ anti 70^^ K. {iP 0. and 21^ 
C.) Under these conditions the tempernturo at the carbur’otctr dis- 
charge nozzle may be below the freezing tom]an‘ai;ur«^ ol* water, and at 
the same time below the dew point of the air, i.o., ttio tonip(*ratura 
at which the water vapor in the air, when co<")loti, wll.l condeniise, 
forming drops of water or ice, 

"itoen flying in rain or clouds tiie drops of watr^r fn\t;ort ng the 
carburetor may freeze in the induction passage if the slips tremn air 
temperature is below 70^ F. (21^ C*)^ Jihd If no lioai in applied to 
the carburetor intake air. 

"With ground air temperatures below 20*^ F. C.) tdie dan- 

ger from ice formation is lessened because the quant. Ity of water va- 
por in the air at such times is very slight* The name is true at 
high altitudes (above the clouds) at all seanons. In tiunae two cases 
the function of the air heater is to improve the vaporization of the 
fuel and distribution to the cylinders, jb will’ bo fourul that in 
cold weather, or at high altitudes, that bettor fuel cjconomy can be 
obtained with the heater control in the hot position. Under those 
conditions heating of the carbirretor air Intake is particularly nec- 
essary for proper acceleration and to prevent stalling when the en- 
gine is throttled back during n glide. 

"In hot weather the control should bo kept In ftil'l cold posi- 
tion, which will permit the engine to develop the maximum power out- 
put without danger of overheating the cylinders." 

GASKETS 

Gaskets are used between two flat surfaces for tlie purpose of 
providing a seal to prevent liquid or gas from escaping. Some of the 
most common gasket materials are asbestos, copper, fiber, lead, cork 
rubber, paper, and vellumold. 

Asbestos sheet in tlilcknesses from l/l6" to 1/B" Is used where- 
ver a heat-resisting gasket is needed. It is, of course, f,l reproof 
and therefore is used extensively for exhaust gaskets. Most asbestos 
exhaust gaskets are bound with thin sheet copper to prolong?; their 
lif e « 


Copper is used where it is essential bo have a non-compresaible 
yet semi-soft gasket, such as on spark plugs. 

Fiber is not seriously affected by gasoline, thereforcj it is 
used almost exclusively for gaskets and spacing washers inside of 
carburetors and other gasoline accessories. It is also an Insulator 
and is used as an insulating washer on electrical apparatus. Gaskets 
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and washers of fiber are also used as friction bearings in tension 
mechanisms, such as throttle controls, Bowden cables, etc. 

Lead sheet, in thicknesses ranging from to l/8" and over, 
is used for gaskets which must be removed and replaced often, such 
as on gasoline and oil strainers, carburetor plugs, etc. 

Cork gaskets are used in thicknesses from l/l6»' to 3/l6^'. They 
are usually used as an oil seal between sections of the crankcase or 
between crankcase and accessories, where there is a need for a gas- 
ket capable of occupying an uneven or varying space such as might be 
caused by a rough surface or expansion and contraction. 

Rubber sheet is used where there is a need for a compressible 
gasket. However, it cannot be used in any place where it is likely 
to come in contact v/ith gasoline or oil, as it deteriorates very 
rapidly when exposed to these substances. 

Paper gaskets are used extensively between perfectly fitted sur- 
faces, especi?illy if these surfaces do not have to be parted fre- 
quently. They are also used for spacing gaskets, such as in fuel 
pumps, oil pumps, carburetor parting gaskets, etc. Heavy brown wrap- 
ping paper makes nn excellent substitute for gasket paper, unless a 
gasket of an exact thickness is needed. 

Vellumold is the trade name of a material widely used for gas- 
kets . It is supplied in thicknesses ranging from .005*’ to .035”, or 
thicker. It is a very tough, rough, brown leather-like material 
which has been treated to render it resistant to the action of gaso- 
line or oil. Vellumold is hard enough to be substantial, yet soft e- 
nough to provide a good seal. It may be used plain, though some 
mechanics recommend the use of shellac. In many instances where gas- 
kets of this material are used it is desirable to put shellac on on© 
side so that the gasket will adhere to one surface permanently, and 
a graphlte-oll mixture on the other side, providing an excellent 
seal and allowing the surfaces to be parted without destroying the 
gasket. 

FASTgiERS AND SAFETIE S 

" The various types of fasteners and safeties used in aircraft en- 
gines do not vary much from similar devices used elsewhere. However, 
they are made as strong as possible and those used in exposed places 
are protected against corrosion. 

Bolts - Engine bolts are made of nickel steel. They are seldom 
plated with any anti -corrosive material, thereby avoiding the possi- 
bility of chips of plating falling into the operating mechanism. All 
standard engine bolts have a N.F. thread. Note ; N.F., or National 
Fine, thread was foimierly known as S.A.E. thread. Only sufficient 
thread la put on a bolt to Insure proper holding power, as it is not 
desirable to have the threads form any part of the bearing surface. 

Studs - A stud la a short rod with threads on one or both ends. 
It Is used mostly for anchorage fastenings, such as for holding 
parts to a housing or case. Studs which are used in aluminum have an 
N*C# (Kational Coarse) thread on the base end and an N.F. thread on 
the other. The N.C. thread, which was formerly knovm as U.S.S., pro- 
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vides a better grip in aluminum timn would a IMna thr^uicl. Studs 
which have threads on the base only are somutlmua used for guides or 

stops* 

Cap Sci‘*ew 3 - A cap screw is a bolt that lr> deat.gned t:u scr(sw dl- 
rectly into a~ threaded part, thus reu.ulrtng no nut. The\v are m.ntle 
with either a hexagonal head for a wrench, or with n screw iir:lver 
slot, and have either an N,G. or an N.F. thread, dnptuuihig on wheth- 
er they are to be used in aluminum or steel. The iiond la usual2y 
drilled for safety wire, unless the cap screw Is t:o hr usttd with 
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sat Screws - Set screws such as shown In Pig. I ai*u used t,o fas- 
ten coiraraTTo shafts for stops, guides, etc. They ar*o usually made 
with a coarse thread and then hardened. Various types of heads are 
used, adapting them to screw drivers, wstnndard wrenches <vr special 
hexagonal -shaped wrenches, called Alle n wrenches. 

Pina - Hardened steel pins are used to fasten collars and small 
gears to a shaft. Straight pins are held in place by slightly item- 
ing or riveting each end. Taper pins, as the name^ Implies, havf* a 
slight taper and are Inserted in a tapered hole. They are secured by 
riveting the small end. Occasionally taper pins imve the small end 
threaded, in which case they are fastened in place with a nut. 
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Kejs - Keys are used to prevent shafts, gears, etc., from turn- 
ing on a shaft. They can he roughly divided into two classes, the 
plain key and the Woodruff key. Both types are made of hardened 
steel. Pig. 11 illustrates the plain key. The Woodaruff key is sbovm 
in Fig. III. It is essential that the key fit tightly in both key 
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ways , an shown in dr^iwing. A loose fit allows play, or motion, which 
Is likely to Increase, causing destruction of the key and consequent 
failure of the mechanism to operate. 
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Engine imt 3 and Safeties - Engine nuts are made of the same ma- 
terial as the bolt on which they are to be used. Castellated nuts 
with slots for s^,ifctying. Fig. IV-B, are designed so that the por- 
tion below the slots develops the required holding strength. Cylin- 
der hold-down nuts, such as shown in Pig. IV-C and IV-D, are used 
wltho^it a wash,er. The nut shown in C is used on steel and that in D 
on aluminum. The check nut, IV~E, is used as a jam nut, or lock nut, 
to screw down on Fop of a plain nut, serving as a safety to prevent 
the plain nut from loosening. 


Castellated nuts are safetied on bolts with a cotter p in, as 
shown in Pig. V. The cotter pin should be put in so that the plane 
of the loop is pnrallel with the bolt, and the pin should be tapped 
lightly with a hammer so that the loop fits tightly into one of the 
slots. The lower end, or leg , should be cut so that when it is bent 
straight down it just reacHes the base of the nut. The upper end of 
the pin is bent straight up and over the top of the bolt. Corrosion- 
resistant materials such as brass or cadmium plated steel, are used 
for external cotter pins, while those used inside the engine can be 
made of plain steel. The most common sizes of cotter pins are l/l6, 
3/32, and l/S" (in diaineter), however, in specie! cases larger or 
smaller diameters are used. 




Safety wire Is used for safetying a castellated nut on a stud, 
as a cotter pin would keep the nut from turning but would not pre- 
vent the stud unscrewing from the base. Safety wire is made of soft 
brass, though stronger soft steel wire is often used inside the en- 
gine. In safetying studs, the wire is Inserted in the safety hole 
and the ends fastened to some adjacent point. Where possible, it Is 
desirable to safety two or more* studs together, as shown in Pig. VI. 
The wire should be inserted so that it pulls in the tightening di- 
rection, as otherwise the stud could loosen a quarter or a half turn 
before the safety became effective. The wire is twisted together be- 
tween each fastening to reduce vibration, which might cause the wire 
to become brittle and snap. Caution : Twisting the wire too tightly 
will cause it to become strained, adding to the danger of breakage. 
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Note: Drilled cap screws are also 
described on the preceding page. 

Pig. VII shows a palnut , which 
can be used as a jam nut safety on 
plain or cylinder hold-down nuts. 

This safety nut must not be tight- 
ened too tightly as the wrench 
will bend the flanges out of shape 
making it difficult to remove the 
safety. Tighten with fingers, then 
1/4 turn with wrench. 


safetied witii safety w! as 



Types of self- safetyin^j; nuts JZZT /V^. .ZZZZT 

sometimes used on engines are ^ 

shown in Pig. VIII. The safety nut 

shown in A has a fiber insert which, when forctai ovt:r the bolt 
threads, grips them tightly, preventing the nut loosonlng. Tht‘ slot- 
ted nut shown in B is screwed into place and the lip V)cnt down. It 
can be removed with a wrench but will not loosen under v.lbratilon. 



Clevis Pins - Airplane type nickel steel clevis j'lns ax*o some- 
used in the engine, though in most cases specially designed 
clevis pins are used. Pig. IX shows the correct method of' safetying 
a standard clevis pin using a cotter pin. Special clewls pins' are 
safetied in the same manner, unless othox^wise specified by the en- 
gine manufacturers. 

- Pig. X shows three types of lock washers used to 
safety plain nuts on bolts. They are each made of harxiened steel 
with teeth which grip the under side of the nut, preventing it from 
loosening. If a lock washer is being used as a safety on a bolt in 
soft material such as aluminum or brass, it must be placed between 
the nut and a plain, steel washer. Otherwise when the nut is iflgKt- 
ened the lock washer teeth will be forced into the soft material and 
will not grip the nut. 

^ “ ^C)ck rings, such as shown In Pig. XI, are made of 

steel. They are used to form a safety stop, or ring, around a 
sh^t, or they may serve as a clevis pin to safety two parts in po- 
sition. Great care should be taken to avoid bending or kinking a 
holding quality depends upon its spring tension. 
If this is destroyed the value of the ring is impaired.. 





Hos 0 Clamps - Three types 
of hose cljuiips used for clamp- 
ing a hose to a pipe or tube, 
are shown in Fig. XII. They 
consist of cadanium plated 
steel bands with some provi- 
sion for tightening, or de- 
creasing the diameter. 

CONTROL MECHANISMS 

Manual control mechanisms 
may bo divided roughly into 
two classifications; the solid. 
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Pig. XII Hose Clamps 


or push-pull tube, and the flexible, or wire and cable type. The 
former is conutionly used where it is imperative to have positive con- 
trol, such as for the throttle, spark and mixture adjustments. The 
latter is often employed to control secondary adjustments such as 
radiator shutters, air heater flaps, cowling louvers, etc. 



The Push-Pull Tube Control - This Is heavier and more difficult 
to Install than tSe flexible type. pig. I shows the principle of 
this tyjie of control. It will be seen that the operation of the unit 
depends upon the ability of the tubes to take compression and ten- 
sion stresses. This fact makes it highly desirable to Install the 
control in such a manner that bends and offsets are not required, 
thereby reducing the possibility of compression stress increasing 
the bend, or tension stress straightening the tube. Any such distor- 
tion would, of course, affect the operation of the control, possibly 
to the extent of rendering it entirely Ineffective. Where it is nec- 
essary to use bends or offsets, the tube should be sufficiently 
strong to withstand deformation. 

Long pieces of control tube should be provided with guides to 
prevent bending. This often necessitates the installation of flexi- 
ble Lints, as shown in Pig. II. These joints permit the short sec- 
tions of tube to sv/lng in angular alignment with the crankarm move- 
ment (as shown, by the dotted lines), thus making it possible for the 
long section of oontro3 tube to travel in fixed guides without bind- 
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Ing. Occasionally, where tlie angular travel or tiuj tubn la nllg.ht it 
is possible to use a slrip;le-- piece i*ocl with no rit^xlbln joint:;,* in 
this event t he a ng u 1 a i" al i/ >; nmc n t in m ad e p o s n 1 ]) 1 e Ij y t, h o in v ,! : o f 
the tube and by use of a larger cleartince in the gviiUes. 


A single guide may be used on a rigid tube, as shown in pig. I. 
In this installation one end of the tube moves up as the othoi* end 
moves down. Consequently there will be only a relatively sman ver- 
tical movement at the center of the tube. This one largo clearance 
guide permits the slight alignment necessary, yet .reduces the ten- 
dency of the tube to bend. 

BALL JOINTS 


Guides are usually 
made of fiber, .hard mbher 
or thick plywood. In some 
of the more elaborate in- 
stallations, guides ai’e e- 
quipped with anti-friction 
bearings of brass, bronze, 
or specially mad© ball 
bearings . 



AN-4t1 CLEVIS ROD ENDS 
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AN-490 THREADED ROD ENDS 


The tubes are made of 
light gage steel, dural, 
or aluminum, and are some- 
times provided with an ad- 
justment to facilitate ob- 
taining and maintaining 
the desired amount of move- 


AN-4t6 CLEVIS ROD ENDS 





Fig. XII 


ment . One type of adjustment consists simply of a threaded sleeve 
into which a threaded attachment end is screwed, the threaded sloov© 
being attached to the push tube. The overall length of the control 
is increased or decreased by screwing the movable portion in or out. 
After the correct adjustment is made it is locked by tightening the 
jam nut. The entire adjustment is similar to that used on an adjust- 
able strut. 


Four types of rod or tube ends are shown in Fig. III. Type A, 
the ball joint, is used where the movement of the control tub© and 
the control arm are not in the same plane. This type of terminal 
will automatically compensate for plane angle differences up to 15^. 
Where the crank arm throw and the control tub© movement are In the 
same Pl^ae , the teni;Li^als B, C and D may be used. Types B and C are 
designed to be attached to tEe control arm with a clevis pin 
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type D is secured witll a cotter pinned nut. 

Another type of solid control is used for shut off cocks, valves 
etc., when the movement must be rotary instead of push-pull. This 
control is discussed in the section devoted to fuel systems. 

The flexible Control - This control utilizes a sliding member 

within a tube dr" casing to transmit movement from the control handle 

directly to tJie control arm, thereby eliminating all crank arms, 
tube ,p;uides and bearings. One of the earliest and simplest types of 
the flexible control is the 
consists of a solid wire 
sliding; member contained in 
a spirally wound wire tube 
or ensing. The effectiveness 
of the Eowdeii cable depends 
upon the ability of the sol- 
id wire to transmit both a 
tension and compression 
stress. The function of the 
casing is to serve as a con- 
t inuou s ; ’;uid c , pro vent ing 
the wire from buckling or 
straightening . 

As would, bo expected, this control is more easily installed than 
the solid push-pull tube, however to a great extent its effective 
operation depends upon careful installation. The outer casing must 
be anchored in several places, particularly at all bends. There must 
be no large curves or arcs in an unsupported section of the cable, 
as the entire unit may buckle or straighten, decreasing effective 
control movement. The Bowden type of control is also used extensive- 
ly to operate release and engaging mechanisms where it is necessary 
to provide control movement in one direction only. The control arm 
is operated by pullin^^ the wire and is returned to position by 
spring tension. This eliminates the necessity of using the wire to 
t ran s mi t c ompr e s s i on . 

Another type of flexible control is shown in Pig. V. The Ahrens 
control, shown in this illustration, has a more elaborate sliding 
member, consisting of a dual wound wire. In this the tension, or 
pull, is transmitted by an aircraft cable inner core and the com- 
pression, or push, is taken by a spirally wound wire. The entire 
sliding member operates inside of a casing similar to that used on 
the Bowden cable* 

A lUgid casing is sometimes used for the sliding member housing. 
The rigid casing, usually of copper tube, provides a somewhat more 
positive control and is very satisfactory except where it is neces- 
sary to have sharp, small radius bends in the line. 

Control Handles - Several types of control handles are shown in 
Pig, "Til Type A the more conventional style, designed to be used 
with solid control tu-bes. This particular model contains three lev- 
ers, one for the throttle, one for spark and one for the mixture 
control. The push-pull handle shown in B is used with a flexible 


Bowden cable, shown in Pig. IV. This 
•j=4a=3=i — • — 




Pig. IV 
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control and may be used as a throttle control. Another type ol' puoti- 
pull control is shown in view G- This la known an a ^'vornior” con- 
trol because, in addition to ^‘he rapid coarse sottlnf/ obtained by 
pushing or pulling the handle, a fine adjustment may ho ohtaliuai by 
turning the knob to the right or left. 


The T-handle control shown in D is operated in the conventional 
manner but after the desired adjustment is obtained it may be? locked 
to prevent further movement. The handle la locked in poult ion by 
turning it approximately l/8 turn to the right. It is quickly un- 
locked for readjustment by turning In the opposite tlliu'‘Ction. 


The button type handles, E, are used mainly for secorid ni’y con- 
trols although they are sometimes employed for spark, choke and mix- 
ture controls on small airplanes. 
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It ir, impractical as well as unnecessary to attempt to describe 
the method of operabion of all the various types of control handles 
in use toiiay. However, in r.cneral, all controls are arranged so that 
when tliey are moved either forv/ard, upward, to the right, or turned 
in a clockv/lae dir'oction, the function or operation of the respect- 
ive acoc?rsories is incx’oased or placed in the position of best en- 
gine operabion. Tiiis is a broad and rather vague rule and there are 
exceptions. Tiic following chart will clarify the meaning. 


ACGESSOivY Cii DEVICE 

CONTROL MOVEMENT 

ACTION OR EFFECT 

Tlirottl 0 

Fox-ward 

Open 

Spark 


Advance 

hixbui'c 


Rich 

Choke 


Off 

Pi'opeller 


High pitch 

SJ I'ut bers 


Open 

Oil 


Heat off 

Ignibitva swi bch 

Clockwise direction 

On 

Liafib swj.tch 

Up 

On 

Control 3,0 ok 

Clockwise direction 

Locked 

Conbrol vt!i*nier 


Increased 


Note: This chart is not complete nor are the specifications true 
v;i thoub exc e [ • t i o n , The correct action of controls should be marked 
plainly on or uoar the handles. 
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IN-LINK ET^GINKS 


In the past there have been many types of wntoi- j.n-l,i,ne 

engines used in airplanes, iaiiong tlie moat notable oV v/hlc.n the 

four-cylinder Hal.l -Scott and the six«cyllnd*T Curtins K-t; and Ou, 
For various reasons this typo has not enjoyed a lae.tlng [-opulnrlty. 
Today we find no liquid coolod in-line eiigiiiea Iii iManhu^lu a: . Tht-v 
have been supplanted by the more modeni air co(jl?*d in- line en,* . 


AIR COOLED IN-LINE ENGIKE S 

Pig. I shows a Han- 
ger, six-cylinder, air :4T''~ 

cooled inverted in-line 

engine. This is one of ^ 

the most popular models 
of this type. The fol- 
lowing condensed de- 
scription of its con- 
struction is from the 
Ranger Engineering Cor- 
poration's instruction 
manual . 


CRANKCASES 

^’Cast light-metal 
alloy is used for all 
crankcase sections. Up- 
per and lower main sec- 
tions are parted at the crankshaft center line. b^ot;h juict, i tais are 
ribbed for seven main bearings and a:rr clamped logf-Miff* by 'p .ng 
studs anchored in upper webs and extending entiroby ^dir(ni^bn‘ } < .wt/i* 
webs and crankcase. The parting flanges are held togetiuM’ by siiort 
studs. The accessory drive shaft is located in the upper main {joc- 
tion. Four engine mounting feet are bolted to the lower irmlu section. 

"The front section carries the propeller thrust bearing and the 
gears for driving the accessory drive shaft and camshaft vortical 
drive shaft. The rear section carries the drive gears for all acces- 
sories. 



CRANKSHAFT 

"The six-throw, seven-bearing crankshaft 1b machiried from an 
alloy steel forging. The shaft is statically and dynain i cal by balan- 
ced to extremely close limits before being installed in the ouglno. 
Main journals and crankpins are hollow and fitted with oil retaining 
plugs, designed to separate out sludge and foreign material. Gramk- 
cheeks are drilled for two-way feeding of oil from main Jo\;irnaXs to 
crankpins. The rear end of the shaft carries a standard starter Jaw, 
while the front end has a standard No. X taper and key for the pro- 
peller hub. 


CONNECTING RODS 

"Connecting rods are of »!» section, machined from alloy steel 
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forgings. Bronze backed bearing shells are used for the mai n con- 
necting rod bearings, while bronze bushings are used in the piston 
pin end of the rods, 

PISTONS, AND RINGS 

trunk type pistons of aluiainum alloy are used, ribbed for 
strength and cooling. Three compression rings are fitted between the 
piston pin and piston head, and one oil scraper rii^ at the bottom 
of the skirt. Piston pins are of heat-treated alloy steel, hardened 
and ground. The pins are full floating and are retained by snap 
rings in the pistons. 


CYLINDERS 

^Cylinder heads are cast aluminum alloy with integral fins. They 
have machined hemi spherical combustion chambers, and are screwed and 
shrunk on the barrels. Aluminum-bronze valve seats, one intake and 
one exhaust per cylinder, are shrunk into the heads, and two spark 
plug inserts are shrunk and screwed in and pinned. 

"Cylinder barrels are machined from steel forgings, the fins 
being integral. The skirts project into the crankcase, and each bar- 
rel is secured to the lower half of the crankcase by eight hold-down 
studs . 


VALVES 

"One Intake and one exhaust valve are used per cylinder. These 
are inclined to the cylinder axis and are both of the tulip type. 
They are made of forged alloy steel. Two concentric helical springs 
are fitted to each valve. Exhaust ports open downward and outward at 
an angle of thirty degrees with the cylinder axis, intake porta 
opening outward at an angle of ninety degrees. 


VALVE OPERATING MECHANISM 

"The camshaft is a heat-treated alloy steel forging, carried in 
a housing which bolts directly to the cylinder heads. Housing and 
cover are of light-metal alloy. The camshaft is supported on eight 
bearings, one located at each end of the shaft and one adjacent to 
each of the six pairs of cams. It is driven from a vertical shaft 
which takes its drive from the front end of the crankshaft. The 
valves are operated by rocker arms which are provided with crowned- 
roller cam followers and ball type adjusting screws . The end of the 
adjusting screw is cupped and fitted with a steel ball, the latter 
having a flat face which provides a large area of contact with the 
valve stem. Prom the hollow camshaft, pressure oil is fed directly 
to the camshaft bearings. Holes drilled in the camshaft between each 
pair of cams supply a spray of oil to rocker arms, cam followers and 
adjusting screws* 


ACCESSORY DRIVES 

"Protection of accessories from camshaft torsional vibration 
and shook loading is furnished by the drive design, consisting of a 
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long, hollow, riaxibif ^?ha.rt luantan: hi t.ho t.r.; of crriiikchiia up- 
per section. Tiilii shsl't, t tauunnltr. t.-im thnni; t.h?'* | h^r and 

of the engine tu thr-' ncceniu^y ■.trlvf-;’ in tl.r rrun ! r-n nuii cum- 

pletely isolates Diern fiw. an'p net r'lim-ntn ! v ! t- rnt. ! 'ns , i’Kf ni'cesnury 
drive shaft Is caxn‘LeU in sovoti InMiringr hi tli<i <.♦ nnni.*.* a:i?' webt\ and 
acts as a header for distribution or oi'l t.r-- main L'ear"!n^■■n and front 
end of engine. 

LIBRICATIO K 

’*The lubrication system Is of the p*r^aa;rnrr t.yp«‘ wl. t;: dr*y c' rank- 
case. A px^essurc puiii}^ with flltt‘is jor.ntaal mi t.ht' crankcase rf)Hr 
section, circulates uil thx*ough liojlow engine alr.'fta, aJid caat-ln 
passages, there being no oxtemal prtun‘ur*o ell at jcaa ou Ihv, ruglne. 

^’Part of the oil from the pump in f<Ki to t-hr Hcceaaur;; drives 
in the rear section, the malti nidpiy entering tdr* ncaioarury shaft 
which distribxites it to crankshaft boarlnga and eontiruh:] ag rods. 
Prom the front end of this shaft oil la c.arriad to all drlvtjs in the 
nose section and into the CHmsluift vertical iirive shaft. ?h.enc:? the 
oil flows into the camshaft, whi.ch dlatributen it tu cnnudiaft; beax»- 
ings under pressure, and to rocko.r anna and valve at.uma by spray 
from holes drilled in the camshaft. CyliiKlor walla anti id atou j-lns 
are lubricated by oil tiirown from the main and conr*aci.,i ng laui baftr- 
ings. 


''Excess oil drains from the craukenao to tiso camahart housing 
through the housing for 'the emus haft vortical drive caiaft at t.he 
front, or through a duct at the roar of the onglno . All (dd, altar 
performing its lubricating function, collocta in the camshaft nnus- 
ing. A double-suction scavenge pump, located at the v^^nv of tha cam- 
shaft housing, is arranged to take oil from either end and return it 
to the supply tank, first passing it through two finger atrulnorr. . 

INDUCTION SyST,EM 

"The updraft carburetor is supported on a bracket, bolted to the 
crankcase on the left side between cylinders 3 and A. A lot! flt.ting, 
equipped with a hotspot, connects the carburetor with two rdpes 
leading to the two manifolds, each of which supplies thin:a> cylinder's. 

IGNITION SYSTM 

"Two magnetos are mountea on the upper ci^unkcase auction at tlie 
rear. Each supplies current to one of the two seta of spark plugs, 
thus forming a true dual ignition system. 


ACCESSORIES 

"Standard drives are provided for all accessories, and standard 
mounting pads or connections are located at oonvoniant points on the 
crankcase rear section. 

MENA3C0 ENGINES 

Another popular type of air cooled In-line engines Is the Men- 
asco. Illustrated in Pig. II. in this engine the valves are operated 
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by push rods instead of an overhead camshaft, as in the Ranger. The 
conventional cylinder hold-down is replaced by 4 long studs extend- 
ing from the crankcase through some of the cooling fins to a point 
near the top of the cylinder. This feature makes it more convenient 
to remove cylinders, ns the hold-down nuts are within easy reach. In 
most other respects the construction of this engine does not differ 
radically from the Ranger. 



200 H.P. MENASCO 
Pig. II 
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LK^UID COOLED \ /EE 

The Curtffsii conqueror en|i’:in 6 is a typical fmmripl e of liquid 
cooled Voe type enfUncu^. The tcx*m liqu id cooled l.n \iood jn prefer- 
ence to 'hvater cooled” be^cause iiiOid; moTti'ni' aV re raft arif*:!ries of this 
type use a cheiriical coolant such as ’^pi*ostor;e , ” in imury ways chemi- 
cal cooling, or high temperature cooling as It la somollmea ca‘i !,od, 
is superior to water cooling, ',Vith the aid of chemical coislinp; it I 3 
possible to control tiio temperature of the engine and still allow it 
to run hotter than is possible when using water. ‘yat.<rr tnu*na to 
steam at 212 ^ E-, therefoi'e the tomporabure of a watrr cunlcii engine 
cannot be controlled above this point. Using a cinanlcal coolant’ it 
is possible to permit the ottgine tempex^aturo to run an Itlgh as 
Kote : A mixture of one part ethylene to one part of di-othylrne- 
glyc ol , wliich is frequently used as a chemical coolant, has a freez- 
ing point of and boils at 397^. 

Each row of cylinde^rs Is known as a 'fhe cylinders tai the 

Curtiss Conqueror are nob individual c^TTTndcra Init am \init(ni in 
what is called a cylinder block , with one bank of cyl Usiors in each 
block. Some engines have only btoae cylinders In a block, thus it 
would take two cylinder blocks to make a bunk of six cyilndci’s. 

Cylinder Conatruction - Fig. II shows the const met, ion of the 
Curtiss Conqueror cylinder block. The cylinder sleeves aro made of 



CURTISS CONQUEROR ENGINE 
(Geared Drive — ^I'hrce-Quartcr Front View) 
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forged nteel and are screwed and slirunk into a cast aluminum alloy 
head. The alumlnixtn head casting contains the valve seats, valve stem 
guides, spark plug parts, and provides support for the camshafts and 
cam followei’s. A cast aluminum alloy water jacket is placed over the 
individual cylinder sleeves. This water jacket i s sealed by gaskets 



Curtiss Conqueror Cylinder Block 
Pig. II 

at each end so that the cooling liquid, which circulates between the 
water jacket and the cylinder sleeve, will not leak out. Cylinders 
which are cooled in this manner are referred to as wet sleeve cylin- 
ders ♦ 


Valve Operat ing Mechtmism - There are 
foul'' vaiveiT in eacli cylinder, two intake 
and two exhaust. The valves are operated 
in pairs by a tee-shaped cam follower 
which is depressed by the cam lobes on the 
camshaft. As the cam lobes rotate and come 
in contact v/lth the cam followers there is 
a downwaidl and also a aide tiirust put on 
the otm followers. Tl'iis side thrust is not 
transmitted to the valves but Is absorbed 
by the cam follower guide which operates 
on a bushing acre wed Into the cylinder 
head block. 

Pig. Ill shows a pair of valves and 
the tee- shaped cam follower. The valve 
clearance is adjusted by means of adjust- 
ing screws which are threaded into the 
spilt ends of the cam follower. Valye___tap- 
pet clearance is increased by turning the 
aS'juatirv^ screws in the loosening direc- 
tion and decreased by turning in the 
tightening direction. Aftei* the correct 
clearance is found the adjustment may be 
locked by tightening the lock screw, pish- 
ing the split ends of the cam follower to- 
gether. 
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The Curtiss Coiuruci’i;!' en,;'Jno h.'is two t • t-y ; iialer 

bank, one I'oi* operatini.'; thr ('xi.aurt viilvcr, Mia; ■jf- ! hi 

PiR. IV. Each c.’iiiiahart has a .i-'rar on t hr ''nh viMc: aii 

Idler r;oar on the biiuinf, (-enr stub nhart, I h-r- tt'c- it h -i. 
to time each Cfimshai't to the iiller uu-ir. i'iie i ;!.'r , ''lo ! ■ t lv.-si iiy 
a bevel pear meshed with a bovoi v.car .m thu t. .'h.o'i, . the 

exception of the tiual CiaiiiMhal'ta, ti.e o v.-r'a'i.K ■ y i- ra t, hi, : 

mechanism of t;hia engine is similar tu tl, hi-ih..' . ' 



CURTISS CONQUEROR 

Cross section showing lubrication and valve mechanism 


Pig. IV 
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C . rai I'l : . i:\ i i ■ ^ L {.. A a 3 e inb ly ~ One type of crankshaft used in Curtiss 
Corlquer^^l‘ ou,-;:u!u;.: 1;.; shown^in Pig* V. It will be noticed that this 
ci/tink t Iv. ol conventional design and has removable counterbal- 
ances on eac.il ti.ir' 0 ’,v* However, this crankshaft does differ from the 
convent.], dial in one respect. it has 8 main bearings, or journals, 
instead oi 7. I'iic tin ’u s t b e ar 1 nn; is a deep row, radial, annular ball 
bear Inc; wli, lc.i3 Is .1 ■ ■. c. t o n e d between the first and second main iournal 
on tl'iO prui'oller end of tlio crankshaft. 




Crankcase Construction - The ci'aiilccase of the Curtiss Conqueror 
is made In two sections. Both sections, the upper and the lower, are 
made oi‘ cant aluminum alloy. Ttie \ipper section of the crankcase con- 
taj.ns intiogral ribbed reinforcements to hold the eight main bear- 
ings. There are two decks at 30^ to the vertical plane which form 
the bane l’o;r tin.'? c.vl,inder blocks. The upper section also carries the 
engine mouiit.ing, lurps. 


The lower aeoti;.»n of the crankcase, called the oil pan, con- 
tains two low l ointai, or oil sumps. One of these oil sumps contains 
the o ] 1 p\iJTii',i and s t r a L ne r . 

i'l r. ton and C onnecting Rod Assembly - The pistons are made of 
fox'ged al umlnuiii "JiTloy and are constructed with a concave head. The 
concave head is designed so that It will form one-half of an oval 
shaped combustion cinimbor. It is 
claimed tdiat tiio power from an 
explosion is more evenly distri- 
buted over the entire piston 
head when a concavfi head is \^ed. 

In otinn* respects the pistons 
used are of conventional type. 

The forged steel connecting 
rods are of the master and arti- 
culated rod type shown In Fig. 

VI. Each TOd is forged into an H 
section and has bronze wrist pin 
beaxdnga which are pressed into 
the rods. The main bearing is 
steel backed lead bronze and is 
lubricated by a pressure oil 
supply fi'om the crankshaft jour- Connecting Rod Assembly 

nal. Fig* VI 

Lubrication system - The Curtiss conqueror engine uses the di^* 
sump pros aura feell lubrication. The oil from the oil tank enters the 
pressure pump located in the oil pan. The pressure pump forces the 
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oil through the hollow crankshaft. Each of the journals is drilled 
to permit the oil to escape from the crankshaft. The connecting rod 
and wrist pin hearings are lubricated by pressure from the crank- 
shaft journals Nos« 2, 3, 4, 5, 6 and 7. The timing gears and the 
overhead valve mechanism are lubricated by the oil forced through 
drilled passages from the rear crankshaft journal* The x''etum oil 
from the overhead cam mechanism drains back to the sump tiirough the 
tower shaft housings at the rear of the engine and through external 
oil lines at the front. 


The pressure and scavenger oil pumps are of the conventional 
gear type. The oil pressure strainer is so designed that should it 
become clogged the oil is by-passed around the strainer. This fea- 
ture eliminates the possibility of a clogged strainer stopidng the 
flow of oil to the engine. 


\Vhile the Curtiss Conqueror is no longer in prodxiction there 
are still many of these engines in use. Furthermore, In construction 
they are so typical of many Vee engines that have been built that 
they were selected to Illustrate the type. 


The Aero-F is an 85 h.p. eight- 
cylinder, water cooled Vee engine. It 
is a converted model V-8 Ford automo- 
bile engine. The crankcase is of cast 
magnesium and the crankshaft is of cast 
alioy steel. The cylinder blocks are 
made of cast iron. The engine is of the 
L-head type, which Ineans that the com- 
bustion chamber is extended to one side 
of the cylinder barrel and contains in 
this extension both the intake and the 
exhaust valves. 


Allison Liquid Cooled Vea 
Type Engine 
Fig. VII 


Two types of liquid cooled Vee engines that are manufactured to- 


day are the Allison and the Aero-P. The 
1,000 h.p. at 2600 r.p.m. It is a large 
military engine which has received much 
favorable attention. In construction it 
is similar to the Curtiss Conqueror but 
differs in minor details such as the 
use of forked and blade type connecting 
rods, the location and drive of the su- 
percharger and various other accessor- 
ies . 


Allison engine Is rated at 



AIR COOLED VEE ENGINES 

Ttie Range r Engine e r i ng Corporation manufactures several models 
of air cooled Vee type engines. These do not differ greatly In cons-n 
truction from the conventional. The cylinders are made individually, 
using a steel cylinder barrel with integrally machined cooling fins. 
The cast aluminum cylinder heads are screwed and shrunk on. The 
valves are operated by short rocker arms which, in turn, are actuat- 
ed by a single camshaft mounted directly above the combustion cham- 
ber. See Pig. I. The camshafts are driven by a tower shaft geared 
to the crankshaft , 
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The crankshaft Is of the conventional six- cylinder type, having 
seven main bearings and six throws. The crankcase is of cast alumin- 
um alloy made in two sections, parting on the crankshaft center line. 
It is held together with two studs extending through the case at 
each bearing. The nose section contains gears for driving an acces- 
sory shaft and the tower shafts. The tower shaft is a vertical shaft 
geared between the crankshaft and the camshaft. It also houses the 
thrust bearing. On the geared-drive models the nose section is con- 
structed of two aluminum alloy castings forming a unit which con- 
tains, in addition to the above, the reduction gear. 

The connecting rods are of forked and blade type forged steel, 
having either bronze-backed babbitt or steel-backed cadmium- silver 
bearings. The pistons are of cast aluminum with integral rib rein- 
forcings. There are three compression rings on each piston and one 
oil ring. 


The lubrication system is of the pressure type, dry sump crank- 
case. A pressure pump with filters, located on a crankcase rear sec- 
tion, circulates oil through hollow engine shafts and cast-in pas- 
sages to all important points, including the valve actuating mechan- 
ism. Cylinder walls and piston pins are lubricated by oil thrown 
from the main and connecting rod bearings. Excess oil drains from 
the crankcase to the camshaft housings, through the tower shaft 
housings, or through the ducts at the rear of the engine. A double 
suction scavenger p\amp, located at the rear of each camshaft housing 
is arranged to take oil from either end and return it to the supply 


tank. 





Cross Ssotlon of Ranger Cylinder, showing Valve Mechanism 

Pig. I 
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HORIZONTALLY OPPOSED ENGINES 


The most popular engines for light sport planes are of the hor- 
izontally opposed type, as they are dependable, sufriciently power- 
ful, yet light and economical. Naturally, simplicity is the keynote 
of small engine design and construction. Moving parts have been re- 
duced to a minimum in order to decrease weight and increase dependa- 
bility. Nearly all of these engines of 40 h.p. or under are provided 
with only single ignition. 



Pig. I Fig. II 

CoNTiNEN TftL Moroiz^ 


Figures I and II show the 50 h.p. four-cylinder, horizontally 
opposed Continental A-50. This engine is one of the most powerful of 
Its class and incorporates many accessories not usually found on 
small engines. The optional equipment includes a fuel pump, scaveng- 
er oil pump, electric starter, generator, radio shielding and an ad- 
ditional magneto, or battery ignition system, to provide dual igni- 
tion . 


The Continental A-50 engine illustrated here is provided with 
dual battery Ignition and has individually forged steal cylinders 
with alumin\im alloy cylinder heads which are shrunk and screwed onto 
the barrels. The entire cylinder is finned for air cooling. The 
overhead valves are actuated by pushrods which are enclosed in oil- 
tight housings. The rocker arms are pressure lubricated and the en- 
tire assembly is enclosed by full rocker box covers. Hydraulic tap- 
pets, which are controlled by the engine oil pressure, eliminate the 
necessity for making frequent valve 
adjustments and automatically com- 
pensate for expansion of the valve 
mechanism. The dry sump crankcase 
is a two-piece aluminum alloy cast- 
ing fastened together at a vertical 
lengthwise plane through the crank- 
shaft. Lubrication is assured by a 
single gear- type pressure pump and 
gravity scavenging. 

Pig. Ill shows the 40 h.p. Con- 
tinental A-40 on which the L-head 
type of cylinder construction is 
used. The cylinders are cast in 
pairs similar to the cylinder banks 



Pig. Ill 
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found on Vee type en/^ines. The valves are operated by short tappets 
between blie camshaft and the valve stem ends, correct valve clear- 
ance is secured by me mis of a tappet adjustment similar to that used 
on many automobile engines. By loosening the tappet lock nut the 
tappet adjusting, screw may be moved in or out until the proper 
clearance, or opening between the tappet and valve stem, is sec^lrea . 
The tappet lock nut prevents the adjustment from changing while the 
engine is in operation. This engine uses a one-piece aluminum alloy 
wet sump crankcase, and is pressure lubricated by a single vane type 
pressure pump. 

A four throw, one-piece forged alloy steel crankshaft, drilled 
for pressure lubrication, is used on these engines. The Continental 
A-60 has three steel-backed cadmium main bearings and the A-40 en- 
gine has two lead-bronze main bearings. The connecting rods are of 
conventional split cranlvpin bearing type, having either steel-backed 
cadml'imi or lead-bronze bearing shells. The aiuniinum alloy pistons 
are of the .full trunk type. 

There are several other four-cylinder horizontally opposed light 
engines manufactured, but their construction is similar to that of 
the Continental and for this reason they will not be mentioned here. 

The Aeronca is a 
popular example of a 
two-cy Under horizon- 
tally op, posed engine. 

As will bo seen in Pig. 

IV, this is an air 
cooled engine, using 
the overhead valve type 
of cylinder. The one- 
piece crankcase is of 
the wet sump type and firmed 
to Increase air cooling of the 
oil. Aeronca engines may be e- 
qulpped with either single or 
dual’ ignition and have full 
pressure lubrication to the 
valve mechanism. 

The crankshaft is an al- 
loy steel forging, having two 
throws and it runs on roller 
main bearings. The cylinders 
are not diametrically opposed 
but are slightly staggered so 
the connectirv!: rods may align 
with their respective crank- 
shaft throws. 



Aeronca Engine Fig. IV 
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RADIAL ENGINES 


Radial engines differ from all other types in that their cylin- 
ders are arranged in a plane perpendicular to the centerline of the 
crankshaft • This type of construction is particularly well suited to 
air cooled engines as each cylinder receives approximately an equal 
share of cooling air. There are many types of radial engines, rang- 
ing from three cylinders to nine or more cylinders; however the most 
common type for the larger engines has nine cylinders. 

Pig. I shows a three-quarters front view of a 1,000 h.p. Wright 
Cyclone. This Illustrates the stamped, sheet metal deflectors be- 
tween and above each cylinder. These deflectors, or baffles, serve 
to direct the air around the cylinder, thus assuring pressure air 
cooling for the rear of the cylinder. 



1,000 H.P. Wright Cyclone 
Pig. I 
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Pig. II shows a rear view of the 550 h.p. Pratt & Whitney Wasp. 
This view further illustrates the construction of haffles. 



Fig. II 

cylinder Construction - Radial engines use individual cylinders. 
The c^iiicle?' barrel a are 'made of steel and are usually screwed and 
shrunk into a cast aluminxim alloy head. In some of the smaller ra- 
dial engines, such as the Klnner, the barrels are bolted to the head. 
The machined steel cylinder barrels are made with a long skirt which 
extends into the crankcase. As in the inverted engines, this feature 
prevents the crankcase oil from running down into the lower cylin- 
ders, In order to save weight and provide better cooling the cylin- 
der barrels have very thin walls, usually about 1/8" thick, yet 
these walls must be strong enough to meet the engine requirements. 
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For this reason the very best grade of steel obtainable is used in 
their construction* A special type of steel called "nitralioy” 
used by the Wright Aeronautical Corp. 


The cylinder heads are made of oast al- 
uminum alloy and are finned for better cool- 
ing. The head contains the exiiaust and in- 
take ports, sparlc plug ports, and the rock- 
er boxes. Some of the smaller engines have 
removable rocker boxes. The valve guides are 
of bronze and are pressed and shrunk into 
the head. The valve seat inserts are of 
bronze and are pressed and shrank into plao). 
Some of the larger engines are using stel- 
lite-faced valve inserts. Fig* III shows a 
typical Pratt k Whitney Wasp cylinder. In 
this cylinder it will be noticed that the 
exhaust port has a shrunk-in stainless steel 
liner which is designed to permit the ex- 
haust stack to be inserted inside the liner 
and secured by a single stud. Note ; The two 
cables extending from the sparF~plug base 
are for a thermo-couple connection. 



Valve Operating Mechanism - Most radial 
engines have a cam, ring~ instead of the con- 
ventional camshaft. The cam ring in nine- Fig, III 

cylinder engines usually has four lobes to 
operate the intake valves and four lobes to 
valves. If provided with four lobes the ring is 
shaft so that it turns at l/8 crankshaft speod, or 
valves open only once for every two revolutions of bhe 


operate tiie (ixhaust 
geared to tlie crank - 
so that tiie 
crunk-siiaf b , 


as explained in the previous chapter. Fig. IV shows tlie cam gear ar- 
rangement on a Wasp engine. The gear, a, is keyed to trie crankshaft 
and drives gear b. Gear b turns the idler shaft, c, bo b/io rear of 


which is attached a smaller gear, 
internal teeth on the cam ring, d. 

'0 " 



c<3c/r'/‘«^y PisvtrT-* 

Fig. IV 


This small gear meshes with tlie 
As the cam rin|': rotnles tlie c.'un 
lobes, e, forco blie cam follow- 
ers, f, upwai-d. The cam follow- 
ers transmit tiiis thrust 
through a push rod to one end 
of a rocker axmi mountani on top 
of the cylinder. The other end 
of the rocker arm comos in di- 
rect contact with the valve 
stem, thus forcing* the valve 
open. The valve springs close 
ti'ie valve when the cam follower 
rolls off the cam lobe. The 
valve clearance, or the space 
between the rocker arm roller 
or tapper and the end of the 
valve stem, is adjusted by means 
of an adjusting screw in the 
rocker arm. The clearance is 
increased or decreased by loos- 
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ening or tightening the adjusting screw. The adjustment is looked 
either by a lock screw or by a jam nut. 


Crankshaft Construction - 
Most radial "engines use a two- 
piece, single throw, counter- 
balanced crankshaft made of 
chrome-nickel steel. Some of 
the small engines, such as the 
Warner and Rearwln Le Blonds, 
use a single-piece drop forged 
crankshaft. Fig. V shows the 
two-piece crankshaft used on 
Pratt k Whitney Wasp engines. 
The rear _ section of the shaft 
telescopes into the front sec- 
tion and is held in angular po- 
sition by splines. A through 
bolt holds the sections togeth- 
er. Most engine manufacturers 
use a rigid type of counter- 
balance similar to the type 



Wasp Crankshaft 
Pig. V 



Cyclone crankshaft Fig. VI 
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shown in Pig. V. However, the Wright Aeronautical Corporation uses a 
seml-rioating counter-weight, illustrated in Fig. VI. This device is 
called a dynamic dampener and is best explained by the following ex- 
cerpt from the manufacturer's description. 

”Tho general appearance of the dynamic damper, as may be seen 
from the illustration (Fig. VI) ,doea not differ greatly fi'om the 
conventional counterweight. It is extremely simple and rugged in 
construction. It is entirely self-contained and introduces no com- 
plications that can in any way adversely affect engine operation, it 
is, in principle, a pendulum counterweight which is mounted on the 
crankshaft in place of the conventional rigidly mounted counter- 
weight; the pendulous mass being free to oscillate in a restricted 
arc and in the plane of rotation of the counterweight. When distur- 
bed, the restoring force and the frequency of a given pendulum so 
mounted is determined by the acceleration due to tlie centrifugal 
force of rotation of the counterweight. Tiie magnitude of the accel- 
eration is in turn determined by the speed of the rotation of the 
crankshaft. Hence, the frequency of any given pendulous mass so 
mounted will bear a fixed ratio to the speed of rotation of the 
crankshaft. 

’'In the case of the Cyclone engine the mass and dimensions of 
the pendulous weight are of such values that the natural period of 
oscillation is four and one-half times crankshaft speed, wiiich e- 
quals the frequency of explosion Impulses. In operation the pendu- 
lous weight is of such dimensions and so mounted that it oscillates 
at explosion frequency but out of phase with the explosion impulses, 
and thus applies a co\mter- torque to the crankshaft which balances 
out the periodic torque fluctuations arising from the explosion im- 
pulses, which explosion Impulses cause torsional vibration in any 
conventional rigid crankshaft system. 

’’stops are provided to limit the motion of the counterweight 
during acceleration or deceleration of the engine. These stops are 
so arranged that they permit a motion considerably in excess of that 
required to completely damp the torsional vibration at any speed. 
During normal operation, therefore, the counterweighb never strikes 
the stops. 

’’The dynamic damper on the other hand is virtually fx^lctionless 
and dissipates essentially no energy by friction. It acts by intro- 
ducing a balancing force which is opposite in dlroction and equal in 
magnitude to the disturbing force at all speeds. By reason of this 
action, the dynamic damper has the potential ability to reduce 
crankshaft torsional vibration to zero. 

’’Service experience on several of the major airlines has indi- 
cated that in addition to accomplishing its primary object of reduc- 
ing stresses in the crankshaft, the dynamic damper has reduced fati- 
gue effects in propeller blades, and has markedly reduced wear on 
the components of controllable propellers.” 

Crankcase Assembly - Pig. VII shows the relative positions of 
the six section Wright Cyclone crankcase. The first section, or nose 
section , carries the cam gear mechanism, cam followers, propeller 
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speed reduction gear and crankshaft thrust bearing, and is also de- 
signed to provide for the installation of a constant speed propeller 
control. The main power section, is divided into two 

parts, divided along the centerline of the cylinders, and forms the 
angle decks for supporting the cylinders. This section encloses the 
crankshaft throw, connecting rod assembly, crankshaft main bearings 

and cam gear drive assembly. The next 
section, called the mounting section, 
carries the engine mount lugs and 
forma the front wall for the super -- 
charger section . The supe rcharge r 
section, which is also called the 
impeller section or blower sec - 
tion , contains the supercharger 
"~and diffuser vanes. The section 
also houses the drive gears 
for the accessories and pro- 
WsitsHT mountings for the car- 

buretor, fuel pump and ma- 
^ ^ — chine gun synchronizers. 

The rear section , or 9.0,- 
cessory seotlonT fonns "iEe 
r¥a r crankcase cover plate 
and houses the accessory 
drives . 


Smaller radial engines 
do not use a supercharger 


Crankcase sections are 
often made of forged or 
cast aluminum alloy. Mag- 
nesium alloy Is another 
popular material. Some 
models of large radial en- 
gines use a steel crank- 
case power section. Howev- 
er, it is unlikely that 
steel will completely re- 
place aluminum in crank- 
case construction. 


Fig. VIII, a cross 
section of a Pratt & Whit- 
ney Wasp engine, shows not 
only the crankshaft divi- 
sions but plainly illus- 
trates the mechanism car- 
ried in each section. In 
sequence, the divisions 
are as follows: The first, 
or nose section, the cam 
gear section, front power 
section, rear power sec- 
tion, supercharger section 
and accessory section. 
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therefore the crankcase ts very much simplified, usually consisting 
of only three or four sections. In such cases, the crankcase is div- 
ided into the nose section, one or two power sections and the rear 
section. 

Propeller Speed Reduction Ge ar - Many of the larger rad la, 1 en- 
gines have "reduction g e ar In FEe nose section of the crankcase. 
The purpose of this reduction gear is to allow the engine to turn 
faster than the propeller. This permits a greater eng.tno output 
without exceeding an efficient propeller speed. 



Cross section of Pratt 8c Whitney Wasp 
Pig. VIII 
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WRIGHT CYCLONE REDUCTION GEAR 
Pig. IX 


Fig, IX shows the propeller speed reduction gear used on Wright 
Cyclones. The gear ring, b, telescopes over the crankshaft splines, 
a, and turns with the crankshaft. The small gears, jc, which are free 
¥o turn on tlie propeller shaft, d, mesh with the internal teeth on 
the gear ring, b, and also with the gear plate, e. The gear plate 
is securely fastened to the crankcase. When the crankshaft re- 
volves, turning the gear ring, the small gears are forced to travel 
around the stationary gear plate. This causes the propeller shaft to 
rotate in the same direction as does the crankshaft, but at a slower 
speed. The ratio between the gears regulates the speed of the pro- 
peller shaft. The most common reduction ratio is approximately -3 to 
2 . 


Superchargers - The purpose of a supercharger is to place a pos- 
itive pressure oh the fuel mixture before it enters the cylinder, so 
that when the intake valve opens a larger quantity of fuel mixture 
is admitted into the cylinder. This, in effect, increases the com- 
pression ratio and results in a more powerful explosion. One of the 
greatest advantages of a supercharger is that it insures more com- 
plete charging of the cylinder when the engine is operating at alti- 
tude . Superchargers are discussed more completely in the chapter on 
Carburetors and Induction Systems. 

Piston and Connecting Rod Assembly - The pistons used on radial 
engines are of convent ional type, either of forged or cast alumlnm 
alloy. Some pistons are made with cross ribs, or "waffle plates", on 
the under side of the head to increase strength and Improve cooling. 

The connecting rods are of the master and articulated rod type. 
The master rod has a large crank pin bearing to which all of the 
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other rods are attached with knuckle pins. The master bearing is 
made in one piece except on some smaller engines which use a one- 
piece crankshaft j, in which case the master bearing is in two pieces 
and is clamped together by four stud bolts. 

Lubrication - Radial engines are lubricated by a pressi^re- 
s c avenger syst emV On e or two pressure pumps take the oil from an ex- 
ternal tank and force it into the hollow cranksiiaft. Krom here tlie 
oil is sent to the main bearings, wrist pins, gear didves and also 
through the pushrods or the pushrod housings to lubidcabe the rocker 
arms. Smaller engines do not have pressure lubrication to t;.hc rocker 
arms, in wJ:iich case the rocker arms arc lubricstod manual.! y. This is 
explained in the section ^'Periodic Check.*' 



Twin Row Pratt & Whitney Wasp 
Pig. X 
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Tlie return oil is not allowed to accumulate in the crankcase but 
is drained to an oil sump which is lower than the case. From here 
the oil is returned to an external tank by the return, or scavenger, 
pump. Oil pumps are explained later. 

Twin-Row Radial Eng ines - These do not differ greatly in general 
construction from the single-row radial. An external inspection of 
the engine will show many points of similarity. In fact, many of the 
parts on the two engines are interchangeable. 



Pratt & Whitney Twin-Row wasp with Front Row of Cylinders Removed 

Pig. XI 
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Fig. X shows a Pratt i>i'. V/hitney twin-row Wasp with tlie nose sec- 
tion removed. This view clearly shows the iorward c/uu ring whicii ac- 
tuates the valves in the front row of cylindex's. There is a second 
cam ring installed aft of the power section, whlcli operates the 
valves on the rear row. This means, of course, that each row of cyl- 
inders must be timed individually. 

Fig. XI shows a front view of a twin-row Wasp i.n wlilcli the front 
cylinders and the front half of the power section have b<u‘n i*<'-moved. 
It will be seen that only the connecting rods from the front row of 
cylinders are attached to the tJrirow shown. The rear i‘ovv connect; .i.ng 
rods are attached to the second crankshaft throw, which la dlmnotri- 
cally opposite to the first throw. 

The crankcase is of the same general cons tructlon , wl th tlio ex- 
ception of an additional two sections to accommoclat o a second row of 
cylinders. The lubrication system, the e.xJ:iaust s;yst»nii, the ignition 
system and the Induction system are all similar to tiiose used in the 
single-row radial, being increased in size to pi»ovl(ie for the in- 
creased number of cylinders. 



CHAPTER 4 

TOOLS, EQUIPMENT AND METHODS 


One of the surest indications of the ability of an airplane 
mechanic is his selection, use and care of tools. A good mechanic 
realizes the Importance and value of tools. He knows that good tools 
are expensive and are not to be abused or carelessly misplaced. He 
knows enough not to risk lowering the quality of his workmanship by 
using inferior tools which may fail in an emergency. He will beware 
of tools that are designed to do a great variety of jobs, such as a 
device that is proclaimed to be a hammer, axe, screw driver, nail 
puller, monkey wrench, pinch bar and cork screw, all in one. Yet he 
knows how to assemble a light, compact flight kit, selecting a few 
tools that will enable him to make almost any minor adjustment or 
repair. In short, a good mechanic knows and respects his tools. 

It would be difficult to say just which tool is the most impor- 
tant or even which ones are used the most frequently. However, as 
far as possible, the most common and useful tools will be described 
first. Special tools, or those that are designed to do specific jobs, 
are not included here as their use is too limited, if a special tool 
is required, a description of the tool and its use is usually given 
by the engine manufacturer. 

Diagonal Cutters - It has been 
said that mechanic * s best friend 
is his diagonals”, and wliile it is 
to be hoped that this is not liter- 
ally true, it serves to indicate the 
popularity of this tool. The diagon- 
al is a short- jawed cutter, having 
blades at a slight angle to the han- 
dle, Fig. I. It is used to cut soft 
wire, and is practically indispensable in removing or applying safe- 
ty wire. The jaw angle makes it particularly well suited to removing 
and replacing cotter pins and of course the cutters easily nip cot- 
ter pins to the desired length. It is also one of the most conven- 
ient tools to use for removing small nails and tacks and to cut soft 
rivets. 

In an emergency, diagonal cutters have been used for a great 
many purposes for which they were not designed. They have been used 
to cut Insulation from electrical cables, to cut plywood, serve as 
tin snips, etc. They are sturdy tools and will stand much abuse. 
They should not, however, be used to cut spring steel wire or hard 
rivets, as either of these is likely to damage the cutting edges. 
When cutting the largest material within the capacity of a diagonal, 
the back of the jaw and not the point should be used. TMs reduces 
the tendency to spring the jaws. Once the jaws are sprung it is dif- 
ficult or impossible to cut fine wire with the point. 

Pliers - There is often a tendency among inexperienced mechanics 
to use pliers as a universal tool, and indeed it is a great tempta- 
tion at times to use pliers to tighten a nut or to remove a tube 



Pig. I 

Diagonal Cutters 
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connection rather than talce time to get the correct wrencii or tool. 
This should by all means be avoided, for it is one practice that 
will not be tolerated by any foreman or supervisor. In addition to 
the likelihood of the pliers slipping, the teeth on the jaws may 
fracture the part or round the comers on the nut. A safe rule to 
follow is never to use pliers as a substitute for a wrench, pig. n 
shows three of the most common types of pliers usod b;y the engine 
mechanic, coiabination pliers A, thin nose and the long nose C. 
Each of these has a wide range of utility and can hardly be surpai’- 
sed as an emergency tool. The thin nose pliers are often used for 
removing or attaching safeties. Long nose pliers are handy in reach- 
ing more inaccessible places. They are also used in electrical work, 
to cut small wire, to serve as tweezers, etc. 

Wrenche s - As the majority of bolts, nuts and capscrews used on 
an engine” are provided with hexagonal heads, the tools used most 
frequently in removing and replacing parts are wrenches. There are 
many types of special wrenches designed for particular fastenings 
but these are described by the engine manufacturer. The standard 
wrenches do not differ greatly from those used in other trades, ex- 
cept that wherever possible they are made smaller and ligJiter. Nat- 
urally, to do this and not sacrifice strength it Is necessary to use 
a better grade steel, and for this reason aircraft wrenches often 
cost much more than other kinds. One of the most popular materials 
for aircraft wrenches is chrome -vanadium steel. Some wrenches made 
of this moierial are almost unbreakable and it is practically impos- 
sible to spring the jaws. In fact, some companies unconditionally 
guarantee their wrenches against destruction. 

Pig. Ill shows a sot of typical open 
end wrenches. As a rule each wrench has 
two different jaw openings designed re- 
spectively to fit nuts of consecutive 
size. For example, one wrench will fit 
1/4” and 5/I6” nuts. The next larger 
wrench in the set fits 5/l6" and 3/8*’ 
nuts. The wrenches shown here have the 
jaws at a 15^ angle to the handle and 
while this is about the average, there 
are some made with a greater or smaller 
angle. One popular type, the right ang- 
le wrench, has jaw openings at 90^ to 
the handle. 

There is very little that can be said about the actual use of a 
wrench, except to caution against abusive treatment, such as using 
it for a hammer or a pry bar. Only experience will teach a mechanic 





Pig. Ill 
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how much to tighten a nut; however, a general rule is to give an ad- 
ditional 1/8 turn after the nut is snug. 



Box Socket Wrenches 

Fig. IV Fig. V 

Box Socket Wrenches - A set of box socket wrenches is shown in 
Pig. IVl These wrenches have closed ends with a six or twelve sided 
opening in the head for the nut. The main reason for the popularity 
of these tools is that they can be used more conveniently where 
space is limited, due to the fact that the head is narrow as compar- 
ed to the open end wrench. Another reason, in the case of the 12- 
point type, is that the handle does not have to be swung through as 
great an arc before a new grip on the nut can be obtained. The rela- 
tive size of the head of a box socket and of an open end wrench is 
shown in Fig. V. When a 12-point wrench is placed over a nut, only 
six of the points grip the nut, thus when working in a limited space 
the nut may be turned l/l2 of a turn, or 30*^, and by returning the 
wrench to its original position a new grip on the nut can be made, 
using the second set of six points. The six point wrench must be 
swung through 60^ before a new grip can be taken. 

An additional feature of the 12-point wrench is that it can be 
used on a square nut. For special jobs these wrenches are made with 
handles of many shapes, such as S curves, offsets, right angles, etc. 


Socket Wrenches - 
Ther;e are many kinds 
of socket sets used by 
engine mechanics, rang- 
ing from small midget 
sets (Pig. VI-A ) to 
large combination sets 
(Fig. VI-B) that con- 
tain sockets for all 




the standard nuts from Pig. VI 

a #6 machine screw to /^/e/^ssoc/ar^s/tstc. 

a 3 / 4 '' standard nut. Socket wrenches are made to fit larger nuts, 
but are not, as a rule, included in sets and usually have to be pur- 
chased separately. The sockets are usually made of some tough, 
strong material such as chrome -vanadium steel and have a six or 
twelve point opening for the nut on one end with a 9/32" or a 3/8" 
square opening on the other end for the handle. Individual sockets 
may be obtained to fit various sizes of square or special nuts, and 
also with a screw driver blade attachment. 
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The utility and convenience of a socket set are great] y augmen- 
ted by various types of handles, such as the T handle, ratchet han- 
dle, screw driver grip handle and a "speeder” handle, the last re- 
sembling a carpenter’s brace in shape. In addition to these, many 
socket sets have extension bars of various lengths, and \miversal 
joint attachments. With so many accessories available, it is possi- 
ble to assemble a combination wrench that can do almost any job 
quickly and easily. 

Inasmuch as the handles are interchangeable, it is possible to 
apply as much leverage to a small nut as to a large one; hence it is 
more difficult to "feel” when a nut is tight enough witli a, socket 
wrench than with an ordinary wrench. For this reason a mecliauic 
should take particular care not to put too much pressui’o on the 
smaller sizes of nuts, or damage In the form of stripped threads or 
a broken bolt may result. 

Adjustable Wrenches - Probably the most widely used of the ad- 
just abIewrencEes~Ts~^^ shown in Fig. VII, conimonly called a 
"Crescent" wrench. This tool has a spiral screw-worm adjustment in 
the handle so that the width of the jaws may be vaib.ed from zero to 
the capacity of the tool, which may range anywhere from l/2” to 1- 
l/2" or more. It has smooth jaws and is designed to be used as tm 
open end wrench, and is an especially good emergency tool, since one 
adjustable wrench can be made to serve for several end wrenches. It 
is practically Indispensable for work on a foreign engine or one 
that has metric nuts, which our standard wrenches will not fit, ’Nat- 
urally, metric wrenches are made for these enf’;lnes, but there are 
only a few places where they can be purchased. 



Angle Adjustable Wrench Ivionkey Wrench 
Fig. VII Fig. VIII 

When using the Crescent wrench it is essential that the jaws be 
adjusted as tightly as possible on the nut, otherwise the wrench 
will slip or the jaws will be sprung. Where possible, the wrench 
should be turned in the direction of its movable jaw, as this reduc- 
es the likelihood of breaking the sliding web which holds this jaw. 
Although these wrenches are quite strong, they will not stand exces- 
sive strain, especially at the wide open position. 

A iT^onkey wren'ch is similar to the Crescent wrench but its jaws 
are at righ-b angles to the handle, as shown in Pig. VIII. The lower 
jaw moves parallel to the handle to adjust the width of the opening. 
The monkey wrench is not a popular tool with airplane engine mechan- 
ice, however It Is sometimes used and is often Included in engine 
tool kits. Its most common use is not on nuts and bolts, but on such 
parts as covers, strainers, caps, breathers, etc., that have a large 
square or hexagonal boss for a wrench and do not require much pres- 
sure to turn. 
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Stlllson wrench, Pig. ix, is 
primarily a pipe wrench and its use is 
therefore very limited. It should never 
he used on nuts or bolts as the toothed 
,‘iaws will cut into metal. The lower jaw 
is stationary and the upper, movable jaw 
is pivoted to the handle in such a manner 
that it is free to rock back and forth 
through a small arc. Y/hen fitting the 
wrench to a pipe the jaws should be ad- 
justed so that the pipe fits tightly in the back of the jaws. By 
pulling the handle forward, or toward the open 'end~ of the jaws, the 
top jaw swings slightly forward, decreasing the jaw opening, thus 
firmly clamping the pipe between the teeth. It is released from the 
pipe by tiirning the handle in the opposite direction. 

This wrench is not an engine tool and is not to be used as such, 
as damage to the part will surely result. It is designed for turning 
pipes or other round objects where the damage caused by the teeth is 
of no consequence, if used only for this purpose it will prove to be 
a valuable addition to any station tool kit. 

Torque ?/rench - It has long been a problem to know just how much 
to tighten a nut. Naturally, a mechanic has to rely upon his judg- 
ment and "feel'*, but this method is neither exact nor consistent. 
While this method is satisfactory for the majority of cases, there 
are many places on an engine where it is desirable to have a certain 
uniform tension on the nuts. The new types of torsion wrenches and 
constant tension wrenches have been developed to replace the guess- 
work method. These wrenches have either a dial mounted in the handle 
where the exact tension applied can be read, or they have a friction 
adjustment which can be set to a predetermined tension so that it is 
impossible to tighten a nut beyond a certain amount. At present 
these wrenches are expensive, but are particularly valuable on en- 
gines whose manufacturers cooperate by publishing tables of desired 
bolt tensions. 

General Use of Wrenches - As wrenches are really the fundamen- 
tal tools of the engine mechanic, the following suggestions should 
be studied carefully; 

1. Make sure the wrench selected fits the nut exactly. 

2. Keep wrenches clean and free from oil, otherwise they may 
slip, resulting in possible serious damage, both to the parts on 
which they are used and to the hands of the mechanic. 

3. Be very careful about Increasing the leverage on a wrench by 
putting a tube or extension on the handles, especially when tighten - 
ing a nut, as the increased leverage makes it easy to apply suffi- 
HTent tension to exert an undue strain on the bolt, resulting in ei- 
ther stripped threads or a broken bolt . 

4. Provide some sort of a kit or case for all wrenches and re- 
turn them to their case at the completion of each " job. This may of- 
ten seem to be an inconvenience, but actually it is a time and trou- 
ble saver. It prevents loss, facilitates selection of tools for the 
next job, and, most important, eliminates the possibility of leaving 
them on the power plant where they may cause serious damage when the 
engine is started. 



Stlllson \7rench 
Pig. IX 
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5. Before attempting to loosen a nut, make an effort to deter- 
mine which way it should he turned. This may seem very elementary, 
hut even experienced mechanics have been observed straining at a nut 
in the tightening direction in an effort to loosen it. 

Screw Drivers - Although it might seem that everyone should he 
f ami 1 i ar w i tir s o commonplace a tool, it is surprising how much ig- 
norance is frequently displayed in the use and care of a screw driv- 
er. It is not a tool to be selected and used carelessly, but should 
be chosen carefully and used intelligently. 

There are many types of screw 
drivers, ranging from the small watch- 
maker* s size to those 24" or more In 
length. Many are designed for special 
jobs, or special types of fasteners. 
However, only the more coirimon types 
will be discussed here- The standard 
screw driver, shown in Pig. X-A, is 
well known and needs no introduction. 
The cabinet style. Pig. X“B, differs 
from the standard in that its shank is 
usually longer and the blade width is the same as the shank diiunoter. 
This latter feature makes the cabinet screw driver especially well 
suited to driving countersunk screws. The electrician* s screw driver 
is supplied in either the standard or cabinet blade type, its parti- 
cular feature being an insulated handle. The advantage of such a 
handle, of course, is that electrical connections can be made with 
less danger of transferring an electrical shock to the user. 

A spiral screw driver, such as 
that shown in Pig. XI, is a great time 
saver when many screws are to be driv- 
en. While this is more a woodworker *s 
tool, it is occasionally handy for the 
engine mechanic. It consists of a 
spirally grooved shank, fitted in a 
hollow handle which is provided with a 
ratchet device. When the handle is pushed, the blade revolves in oIk, 
ther the tightening or the loosening direction, according to the 
ratchet setting. Pulling the handle back to its original position 
does not turn the blade, but merely prepares for the next stroke. A 
third position of the ratchet locks the action so that the screw 
driver may be used In the conventional manner. 

The offset screw driver is used where it is difficult to reach 
the screws with the regular type of tool. It consists of a short 
shank, having at each end a blade, which is bent at right angles to 
the shank. The point of one blade is parallel to the shank and the 
point of the other Is at 90^ to the shank. This is a rather awkward 
tool to use, as it is difficult to exert sufficient down-pressure to 
hold the blade in the slot and still turn the screw; however, many 
times it Is the only tool that can be used for a particular job. 

Although nearly everyone is to some extent familiar with the use 
of a screw driver, there are a few points which can be emphasized. 


Spiral Screw Driver 
Pig. XI 



Wood Handle Screw Drivers 
Pig. X 
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the most Important being not to allow the blade to slip from the 
slot, as damage to the screw head or adjacent material will result. 
To avoid this, three things are necessary* The screw slot must be 
clean, the blade must fit the slot correctly, and it must be held in 
position with sufficient force. 

Screws that are particularly tight may often be removed by forc- 
ing the blade into the slot as tightly as possible, then turning the 
screw driver shank with a small Stillson wrench, or with good pliers. 
A small open-end wrench can be used for this purpose if the shank is 
square. Sometimes ‘’jarring” a screw will make it easier to remove. 
This is done by holding the screw driver in position and rapping the 
head of the handle once or twice with a hammer. Utmost caution 
should be used in this procedure, as there are many places where a 
jolt such as this might crack or otherwise damage some adjacent part. 
"Hammering on the handle of a screw driver” is certainly not 'recom- 
mended here, but with the use of a little judgment the method out- 
lined above can be effectively employed with no damage to either the 
screw driver or the work, A carpenter^s brace and screw driver bit 
may be used to drive large screws, or *to remove particularly obstin- 
ate ones, as considerably more pressure can be exerted to hold the 
blade in place and more leverage is available for turning, 

A correctly shaped blade is shown in Pig. 

XII. It will be noticed that the blade taper 
is not constant from the point to the shank 
diameter. Instead, the sides of the blade are 
parallel for a short distance at the point be- 
fore the taper starts. This gives the blade 
more bearing surface in the slot than would 
otherwise be obtained. The point should be 
flat, of uniform width and at exactly 90^ to 
the shank. 

Hammers - A mechanic • s tool kit cannot be 
considered complete unless it contains at 
least two or three types of hammers. The most 
useful of the hard face hammers is the ball 
peen, or, as it is sometimes called, the mach- 
inist's hammer. Ball peen hammers, such as Pig. XII 

that shown in Pig. XIII, are made with harden- 
ed steel faces and fitted with a stout handle of hickory or other 
hardwood. The three most popular sizes are the six ounce for light 
work, the twelve ounce for general utility, and the sixteen ounce 
for heavy work. The use of hammers is too common to be described, 
however the following safety precautions should be observed at all 
times . 

1. Never use a hammer with a cracked handle. 

2. Make sure that the head is tight on the handle. If the head 

appears to' be loose, it can be tightened 
by rapping the butt of the handle sharply 
on the bench or other wood object. After 
the head is in place it should be secured 
by re- setting the wedge in the end of the 
handle. 

3. Never use a hammer to strike a 



Pig. XIII 
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hardened metal surface, as there ia a possibility of chipr/lnf, small 
particles from either the face of the hammer or the mattarla.l . ITlien 
possible, place a tliin sheet of copper or aluminum on a hardened 
surface before hsaranering. This will not reduce the force of’ the blow 
to any great extent but will prevent cliippixi^’', . 



soft -face liamiriers are used extensively by the iiujchanlc wliere it 
is necessary to avoid scarring or denting the material. There are 
many materials used for the faces, some of whicii ai‘o wooci, rawliide, 
babbitt, copper, and pyralin. As a general rule a wooden mallet does 
not make a satisfactory soft-face hainmer, as the wood is likely to 
splinter. A closely wound rawhide mallet, such as is shown in Fig. 
XIV, is very satisf actox'y where a hummer of this ty})e is xioeded. 
This tool will stand a surprising amount of abuse, but; imuct not bo 
used on objects of small dlaineter, such as bolts, punchon, etc., as 
they will destroy the suxd'ace of the face. 

A somewhat more elaborate type of soft-face limnmox* is sliown in 
Fig. XV. A feature of this tool is removable tips which ai'o cljunped 
in "the head of the haimner. The tips may be of rawhide, babbitt or 
copper. 



Fig. XVI 

Punches - No mechanic’s tool kit would be complete} without tm 
assortment' of ~ the various types of punches. These arc simple tools 
and may be used for a variety of jobs, but it is essemtuil that tine 
mechanic select the correct punch for the job. Some of the more pop- 
ular types of punches and their uses are described below. 

prick punch , shown, in Fig. XVI-A, is used for marking exact 
points such as "the locations for drilled holes, etc. Tills tool 
should not be confused with the center punch , pig# XVI-B, which is 
heavier and more bluntly pointed, and is used for putting permanent 
Indentations in metal, or for making a starting hole for drilling. 

The linlng^up, or drift punen , has an evenly tapered shank and 
a flat point, as illustrated'ln Pig. XVII. This is used for aligning 
holes before starting bolts. The drift punch Is also used us a gen- 
eral utility tool to transfer the blow of a hammer to a desired 
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point • If it is necessary to remove a bolt by force, it should be 
started with a drift punch having a point diameter nearly equal to 
that of the bolt. A center punch should not be used for this purpose 
as the sharpened point will act as a wedge and will actually tighten 
the bolt in the hole. It is customary, when removing a bolt, to 
strike the exposed end of the bolt directly with the soft face of a 
hammer. The bolt may then be pulled out from the opposite end; how- 
ever, if it cannot be pulled it may be driven out with the drift 
punch and pin punch. 



Drive Pin Punches Pig. XVIII 



Hollow- shank P\moh 
Pig. XIX 


Pig. XVIII shows a set of drive pin punches. These tools have a 
shank of constant diameter and a flat point. They are used to remove 
pins or bolts, however, they are not designed to withstand as much 
abuse as a drift punch. If the pin punch is used for starting a bolt 
or pin, a heavy blow from a hammer may break or bend the shank, 
therefore this tool should not be used until after the bolt or pin 
has been removed as far as possible with a drift pixnch. 


A hollow- shank punch, such as that illustrated in Pig. XIX> is 
very useful for making holes of small diameter in soft gasket mater- 
ial. The point is tapered to a sharp cutting edge in order to pro- 
duce clean, uniform holes. Where possible, the material to be cut 
should be placed over the end grain of hardwood as this provides 
sufficient backing and at the same time protects the cutting edge of 
the tool. 


There are many types of special ptinches which really come under 
the classification of special engine tools. Of these, one of the 
most popular types is the brass faced drift. This is a steel tool 
designed for such purposes as removing shafts or wrist pins. It is 
heavy enough to resist damage to itself and is provided with a brass 
point, or face, which is soft enough not to Injure engine parts. 

Hack Saws - A standard type of hack 
saw, consisting of a narrow steel blade 
held in an open frame, is Illustrated 
in Pig. XX. The blade is removable and 
when desired can be replaced with one 
having a different length and a differ- 
ent cut. The hack saw is designed pri- 
marily for metal work but can be used 
with equal success to cut wood, fiber, 
hard rubber, and many other similar ma- 
terials. A hack saw may be considered a general utility tool and one 
to be included as standard equipment in every tool kit. Its uses in- 
clude sawing bolts, nails, wire, tubing, shafts, bar stock, flat 


I — r \ 


Hack Saw 
Fig. XX 
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stock, etco 

To get the best results from using the hack saw for Its various 
jobs, much care should be used in the correct selection of the blade. 
For general use a 12” blade will give better results than a shorter 
blade as it permits a longer stroke. It may be necessary, however, 
to use a shorter blade where space is limited. A blade having 24 
teeth to the inch will give good results for general work. 

In selecting the proper point blade, it should be remembered 
that generally speaking, coarse teeth cut faster, but with a fine 
tooth blade there is much less danger of blade breakage. By refer- 
ring to the chart in Fig* XXI, the correct blade may be determined 
quickly. Hack saw blades have rip saw teeth, which are bent outward 
on opposite sides to give the blade a sawing clearance. Every third 
tooth is straight to serve as a raker or cleaning tooth. 

In assembling a hack saw the blade should be put In the frame 
with the teeth pointing forward. The blade will not break as easily 
if it is tightened firmly in the frame. In sawing, the pressure 
should be applied on the forward stroke and the saw raised slightly 
on the return stroke to avoid "rounding” the teeth. If space permits 
each stroke should be made the entire length of the blade, using a 
slow, even pressure of not over 60 strokes per minute. 

Ordinarily, mater- 
ial to be sawed is held 
in a vise. However, in 
sawing thin material, a 
mucli better job can be 
done if the material is 
clamped flat on the 
bench with the portion 
to be cut extending be- 
yond the edge. By using 
a fine tooth blade and 
holding the saw at a 
very flat angle to the 
material, a smooth, 
straight cut will re- 
sult. 

It is sometimes 
possible to remove bro- 
ken studs by sawing a 
screw driver slot In 
the broken end of the 
stud shank and removing 
with a screw driver. 
Where it is necessary 
to do this type of work 
or where it is desira- 
ble to remove consider- 
able metal in a cut, it 
is often convenient to 
use a hack saw fitted 
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with two blades instead of one. This will give a true cut the thick- 
ness of the two blades. 

In sawing thin wall tubing the teeth of the hack saw will last 
much longer if the pressure is applied on the back stroke and re- 
leased on the forward stroke. The same effect may be accomplished by 
holding the hack saw backwards and sawing as usual. 

Soft tubing may be cut without binding the blade or flattening 
the tube by first inserting a wood dowel of the correct size to fit 
the tube. 

Holes may be cut from the inside of material by drilling a large 
starting hole. Inserting the hack saw blade and re- assembling the 
saw. The blade may be faced in any one of four directions in refer- 
ence to the frame, in a manner very similar to the coping saw. For 
special work a hack saw having a much deeper frame is made. With 
this saw it is possible to take a wider cut. 

MEASURING DEVICES 

it^is certainly true that a mechanic *s work is no more accurate 
than his measurements. Also, Inasmuch as a mechanic is required to 
make many precision measurements of various kinds, a careful study 
of the different systems of measure and a knowledge of the various 
tools and Instruments used for this work will reward him by increas- 
ing his accuracy and efficiency. 

The most popular linear measure in the United States is the 
jSnglish system. The standard measure, a yard, is divided into three 
feet ; a foot is divided into twelve inches ; the inch is divided into 
fractions of halves, quarters, eighths, sixteenths, thirty- seconds, 
and sixty-fourths. It has been found impractical to divide the inch 
into smaller fractions than sixty-fourths due to the difficulty and 
consequent confusion v;hich would arise from working with such frac- 
tions as l/l28th, l/266th, etc. Therefore, for precision measure- 
ments, the inch is divided into decimals, or portions of an inch 
which are divisible by 10. To be specific, an inch is first divided 
into ten parts (in the decimal division), making each part equal to 
l/lOth of an inch, which is designated by the written decimal .1” 
(one tenth), or .100" (one hundred thousandths). The tenth part of 
an inch is further divided into ten parts, each of which is equal to 
l/lOOth of an inch, and is written .01", or .010" (ten thousandths). 
By dividing .01" into ten parts the next decimal, one thousandth of 
an inch, is obtained. One thousandth of an inch, which is written 
.001", is of course the same as l/lOOO". These parts are, naturally, 
very small, being less than the diameter of a human hair. 

Nearly all of the engine clearances are given in thousandths of 
an inch. For example, a valve clearance of .010" may be specified. 
This means that the clearance between the valve stem and the valve 
tappet or roller is to be ten, one thousandths, or as it is read, 
ten thousandths of an inch. It will be noticed that this decimal 
could be read one hundredth of an inch; however, to avoid any possi- 
ble confusion it is always expressed in thousandths. 

For extremely fine measurements, .001" is divided into 10 parts, 
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giving each part a length of l/l0,000, or one ten thousandth of an 
inch. This fraction, which is written .0001**, is so small that it 
takes fifteen or twenty of them to equal the diameter of a hair, it 
is sometimes difficult for the beginner to realize that it is actu- 
ally necessary for the mechanic to take measurements this small, but 
when he himself is faced with the prospect of having to make meas- 
urements which are accurate to .0001", he will see the importance of 
the job and will appreciate the delicate accuracy of the Instruments 
which make such measurements possible. 


It is possible to take measurements of much less than .0001", 
but this is done by extremely sensitive laboratory instruments and 
therefore forms no part of the engine mechanic’s job. 

Another system of linear measure that the mechanic should know 
is the metric system. In this system the standard length, one meter, 
is equal to 39.37 inches. The meter is divided into 100 parts , cal- 
centihELeters . The centimeter is divided into ten parts, which are 
called millimeters * Complete tables of the English and metric meas- 
ures will be found in the back of this book. The metric system is 
not used extensively in this country, but there are times when a 

especially when working on 


The illustrations of 
measuring tools shown here 
are by the courtesy of the 
Brown and Sharpe Mfg. Co., 
who are known throughout the 
world for their precision 
machinl st * s tools. 


knowledge of this system la required, 
foreign engines. 


These rules tire about l-20th of an inch tliick oxce[)l.inff the 48*' 
which is about I- 10th of an inch thick. 


Pig. I 


I, which is 


Steel Scales - Of all the measuring devices used by the mechan- 
ic, the s tee seal e can be considered the most fundamental. There 
are various types of steel scales, ranging from the thin, flexible 
variety to those having heavier rigid steel blades. probably the 
most popular type of steel scale is that shown in Pig. 

6" long with graduations on both sides. The 
side shown in the figure is divided into 8ths 
and 16ths of an inch. The opposite side is 
divided into 32nda and 64ths. por special 
purposes, scales are made with divisions of 
lOths, 20ths, bOths and lOOths of an inch, or 
12ths, 24ths, and 48ths. Many scales are also 
provided with English graduations on one side 
and metric graduations on the other. The 
scale shown in Pig. I also has what is called 
end graduations. These are found on either 
end of the rule, running across the width of 
the blade. This feature is advantageous when 
measuring the depth and width of grooves, 
countersinks and recesses, etc. 


In addition to using the steel scale as 
a measuring device, It may also be used as a 
straight edge, such as is required when lay- 
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Ing out fittings, testing the tmeness of edges, etc* Pig* II shows 
a steel scale equipped with two key seat clamps, which adapts the 
i*ule to make parallel lines on round stock* 


A narrow hook rule, such as shown in Fig. Ill, is a very conven- 
ient tool for the engine mechanic, especially when measuring the 

depth of a recess, the 
length of a holt hole, 
the depth of a stud, etc. 
Another convenient form 
'4* of the steel scale is 

used with a holder, such 
as shown in Pig. IV. In 
this, any of a numher of 
blades may be placed in 
the holder at various 
angles so that measure- 
ments may be more con- 
veniently taken where 
space is limited. 
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Pig. Ill 


Pig. IV 
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Pig. V 


The pocket slide 
caliper rule, shown in 
pig. V, will be found 
convenient for measuring 
the diameter of round 
stock, the diameter of 
holes, or similar out- 
side and inside measure- 
ments* It is provided 
with a knurled clamp nut 
which holds the blade in 
any desired position. 


Pig. VI shows a msig- 

nifled view of the Vernier attachment which can be used on caliper 
rules. This feature makes possible the calibration of the rule into 
thousandths of an inch. The following instructions on how to read 
the Vernier caliper are supplied by the courtesy of the Brown & 
Sharpe Mfg. Co. 

” Reading the Vernier - 
Pig. VI I- A and B shows the 
Vernier used with a scale 
which is graduated into 
40th3 or .026ths of an inch* 

The Vernier has 26 divi- 
sions which are numbered 
every 5 th division and 
which equal, in extreme 
length, 24 divisions on the 
scale, or 24 x l/40” » 24 x 
.025*' - .600”. Thus, one 
division on the Vernier e- 
quals 1/25 of .600” « .024*'. 

Therefore, the difference 
between a division on the 



Pig. VI 
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vernier and a division on the scale » .025” - 
.024” s .001". 

"When the reading is exact, with respect 
to the nuraber of fortieths of an inch, the 
zero on the Vernier coincides with a gradua- 
tion on the scale - either inch, tenth or 
fortieth, as the case may be. This leaves a 
space between lines on the scale and the 1, 

2, 3, 4, 5, 6, etc. lines on the Vernier or 
.001", .002", .003", .004", .005" .006", etc. 
respectively, the difference increasing .001" 
at each Vernier division in numerical order 
until, at the 25th graduation, the lines a- 
galn coincide (see VII-A) . 

"Thus, when the 1st, 2nd or 3rd, etc. 
line on the Vernier coincides with a line on 
the scale, the zero on the Vernier has moved 
1, 2 or 3, etc. thousandths of an inch past 
the previous fortieth graduation to bring 
these lines together. 

"To read - Note the Inches, tenths and fortieths of an inch that 
the zero on the Vernier has moved from the zero on the scale and to 
this reading add the number of thousandths indicated by the line on 
the Vernier that coincides with a line on the scale. 

"Example:- Pig. VII-A shows the zero graduation on the Vernier 
coinciding with a fortieth graduation on the scale (the second for- 
tieth beyond an even tenth graduation). This indicates that the 
reading is exact with respect to the fortieths of an inch. The read- 
ing therefore equals 2.000" + *300” 4> .050" » 2.350". Pig* Vll-B, 
however, shows the 18th Vernier graduation coinciding with .a line on 
the scale. This indicates that .018" should be added to the scale 
reading. The reading, then, equals 2.000" + .300" -f .050" + .018" » 
2.368"." 

Before a mechanic uses a steel scale with which he Is not fam- 
iliar, it Is essential that he ascertain the type of graduation on 
the scale. Many expensive mistakes have occurred by using a scale 
divided into lOths Instead of 16th3 . There is also a shrink rule 
which apparently is graduated as any other rule, but theT^nRrision 

representing an inch Is longer 
than the inch on standard rules. 
This rule Is used in pattern 
work, so that the patterns will 
be made slightly oversize to al- 
low for shrinkage of the molten 
metal* The result of using this 
rule by mistake. Instead of one 
of the conventional type may 
lead to a great deal of uimeces- 
saa?y expense. 




Pig. VII 


Pig. VIII 


Dlvidera - A pair of tool- 
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maker® s dividers is illustrated in Pig* VIII. One of the uses of 
this tool is to measure distances over a surface and to transfer 
these dimensions from one object to another* For example, when lay- 
ing out a fitting or locating the position for holes, dividers may 
be adjusted to the correct dimension on the steel scale and measure- 
ment then transferred to the work. This is often a more accurate 
method than attempting to measure the distance with a scale only. 
Dividers are also used to scribe arcs and circles on metal; however, 
in this connection it should be remembered that these are precision 
tools and should not be abused by using too much pressure. Much 
greater accuracy will result by using one firm stroke rather than 
several heavy ones. Excess pressure will have a tendency not only to 
dull the tempered points, but also to spring the legs, which would 
of course result in inaccurate layout. \Vhen scribing arcs and cir- 
cles on metal it is desirable, if possible, to make a light prick 
p\mch mark as a center for one leg. This removes the necessity of 
applying much pressure to keep the center-leg from shifting. 


- The outside 
IX), as the 
name Implies, is a tool for 


Cali 
caliper 


■pers • 

(pig- 




taking outside measurements. 

It may be used on flat 
stock, round stock, or ir- 
regularly shaped objects. 

The legs are made of a good 
grade of spring tempered 
steel and are so shaped as 
to facilitate obtaining a 
true measurement . ’vVhen us- 
ing this tool the adjusting 
screw should not be tight- 
ened more than enough to 
make the points come in 
contact with the material. 

Any excess pressure will 
spring the legs apart, re- ^ ^ ^ 

suiting in an incorrect measurement. After the adjustment has been 
made the distance between the points may be measured with a steel 
scale. If an extremely accurate measurement is required, the space 
between the points on the outside caliper should be measured with 
the inside caliper, shown in Pig* X. When doing this, the outside 
caliper should be held in one hand and the inside caliper held and 
adjusted in the other hand, so that the points come in contact with 
each other* After this adjustment has been made, the distance be- 
tween the points of the inside caliper may be accurately measured 
with a micrometer caliper. 

A micrometer caliper, with the parts labelled, is shown in Pig. 
XI. Tills is a tool which is used for precision measurements, being 
graduated in .001” or .0001”. By turning the thimble the spindle 
moves In and out, which In turn increases or decreases the space be- 
tween the measuring faces. The customap' Pitch of the thread is 
l/40th of an inch, or 40 threads to the inch. This means that by 
turning the spindle one complete revolution the spindle moves y40th 
of an inch, or .025”. The lower end of the thimble is marked with 
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graduations which, when 
compared to the reference 
line on the barrel, indi- 
cate the number of revolu- 
tions made by the thimble, 
thus when these gradua- 
tions are counted, the o- 
pening between the measur- 
ing faces is determined. 

The following instructions 
on how to read micrometers 
were written by the Brown 
<Sc Sharpe Mfg* Co. 

"To read - First note 
the last figure visible on 
the scale on the barrel, 
representing the tenths of 
an inch. Multiply the num- 
ber of divisions visible 
beyond this figure by 25 
and add the number of the 
division on the scale on 
the thimble that coincides 
with the line of gradua- 
tions on the barrel. Then 
this sum expressed in 
thousandths, added to the 
tenths shown, is the read- 
ing* 

"Example;- In Fig. XII, 

.200" (2-10") is shown by 

the . figures on the scale 
on the barrel and one grad- 
uation beyond a tenth grad- 
uation is also visible 
while on the bevel on the thimble the graduations show 16 divisions 
from the zero to the line coincident with the horizontal line on 
barrel. Then the reading = .200" + .025" + .016" = .241", 

"To obtain readings in ten- thousandths of an inch a Vernier is 
employed on the barrel of the Micrometer Caliper. The Vernier used 
consists of ten divisions, which equal, in over-all space, nine div- 
isions on the thimble. Thus, one division on the Vernier = l/lO x 
9/1000" = 9/10,000", Since each graduation on the thirahle - 1/1000" 
or 10/10,000", the difierence in space between a division on the 
thimble and a division on the barrel = 

10/10,000" - 9/10,000" = 1/10,000". Since the 
two zero lines on the Vernier coincide with 
lines on the thimble when the reading la ex- 
act with respect to the number of thousandths, 
the difference between the lines on thimble 
and lines on Vernier at numbers 1, 2, 3, etc., 
equals .0001", .0002", .0005", etc. Thus, 

when the 1st, 2nd or 5rd, etc., lines coin- Pig. XII 




TOOLS, EQUIPMENT AND METHODS 


103 


cide, the thimble has 
moved past the exact zero 
setting 1, 2 or 3, etc., 

10,000ths of an inch to 
bring these lines togeth- 
er* 

'’To read - First ob- 
tain the reading for the 
thousandths in the manner described in the pre- 
ceding section and then add the ten-thousandths, 
the number of which is indicated by the line on 
the Vernier which coincides with a line on the 
thimble . 

’’Example;- As shown in Pig. XIII, there are 
no ten-thousandths to be added, for the two ze- 
ros on the Vernier coincide with lines on the 



'riumhle 



09076543210 

Rnrrel 



09676543210 

H.'irrd 


Fig. XIII 


thimble; the reading « .4690”. In the lower cut the 7th graduation 
on the Vernier coincides with a line on the thimble, indicating that 


7 ten- thousandths should be added to the thousandths reading; the 
reading = .4690” -f- .0007” r .4697”." 


Some micrometers are provided with a ratchet stop which is used 
to make the final adjustment between the measuring faces. This stop 
is so designed that when the measuring faces have the correct pres- 
sure on an object, the rat- 



(•V) 'rurn hiu'k gpindle ftw»y from ftnvil. (Si Tightrn cap with fingers for tension. 
(6) Kirially lock with wrench. 


Chet automatically slips. 
This eliminates the possi- 
bility of tightening the 
thimble too tight, thereby 
obtaining an Incorrect 
reading or damaging the in- 
strument . 

The set of illustra- 
tions shown in Pig. XIV 
shows how to adjust the 
thimble in case the microm- 
eter does not read correct- 
ly at the zero setting. The 
first step is to clean 
carefully the measuring 
surfaces with paper to re- 
move any oil or other for- 
eign matter. Next, with the 
anvil and spindle apart and 
the micrometer held as 
shown, the thimble cap is 
•unlocked with a special 
wrench. Tighten this cap 
slightly with the fingers 
to bring a tension between 
the thimble and the spindle. 
Next, set the zero line on 


Pig. XIV 


the thimble to coincide 
with the reference line on 
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th6 barrel^ as shown in step 
3» After this is done, turn 
the spindle away from the an- 
vil, “TlgEFen the thimble cap 
with the fingers for tension 
and finally, locJk: the cap, us- 
ing the special wrench. This 
completes the adjustment, but 
the zero setting should again 
be checked to make sure the adjustment has not moved, during the 
tightening and locking process. 

For taking accurate inside measurements an inside micrometer, 
such as that shown in Fig. XV, la used. This tool, works on the same 
principle as the micrometer caliper, except that it is inserted in- 

faces on each end of the in- 
strument. These faces are 
usually provided with exten- 
sion bars which increase the 
capacity of the tool. Pig. 
XVI shows two common appli- 
cations of the Inside mi- 
crometer. Note that these 
micrometers are fitted with 
extension handles to hold 
them in position while the 
adjustment is being made. 

Combination Square set s - 
A 'comt>Ina"t'I'bn square set, 
such as shown in Fig. XVII, 
is a useful addition to any 
mechanic's tool set. Each of 
the three accessories, the 
centering gage, the protrac- 
tor and the square head are clamped to a gi'oovod steo.T. scale. Each 
may be adjusted to any position on the scale, or may be removed to 
permit the use of the combination desired. The centering head A# Is 
used to lay out diameter lines on cylindrical objects. Tills Is^^'done 
by placing the object so that it touches both faces of the centering 
head. A line scribed along the edge of the steel scale, extending 
from the middle of the V 
will be a diameter line. Cen- 
ters of cylindrical objects 
may be located by scribing 
two diameter lines at ap- 
proximately 90^ to each oth- 
er. The point at which the 
two lines meet is the exact 
center. 

The protractor head, B, 
consists of two parts. tHo 
inner part, which is clamped 
to the scale, contains grad- 
uations in degrees from 0 to 
180. The outer part, which 



Fig. XVII 


side of the work and has the measuring 



Pig. XVI 



Fig. XV 
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rotates on the inner part, 
has a zero reference mark 
which is at 90*^ to its 
face. By loosening the lock 
nut, the outer frame can be 
turned to obtain any desir- 
ed angle between the face 
and the scale. Tightening 
the lock nut secures the 
head in the desired posi- 
tion. The inside frame is 
also provided with a spirit 
level so that it is possi- 
ble to determine the angle 
between a horizontal sur- 
face and the movable face 
of the outer frame. 

The combination square head, C, makes it possible to use the 
scale as a try square. The square head also has one 45^ face, which 
will be found useful in many jobs. If it is essential that a perpen- 
dicular measurement be made, the 90^ face of the square can be lev- 
elled, using the built-in spirit level. When the head is level the 
scale is perpendicular, A small, knurled-head soriber is also con- 
tained in the square head. Pig. XVIII shows a practical application 
of each of the above described accessories. 

GAGES 

It is often more convenient to compare a dimension to a stand- 
ard than it is to take an actual measurement. This is especially 
true where the original measurement is difficult or tedious to take, 
(such as inside measurements of less than one inch), or where many 
identical dimensions are to be checked. Standard tools which are 
used for this purpose are called gages , and v/hile there are many 
types of gages', only those that are used most frequently and those 
that have a wide range of application will be discussed here. 

Thickness Ga ges - The 
most indispensable gage used 
by the engine mechanic is a 
thickness gage, such as il- 
lustrated in pig. I. It will 
be seen that this tool, 
which is often called a 
^feeler" gage, consists of a 
number of blades that can be 
folded into a hollow handle. 
Each of the blades is accu- 
rately ground to an exact 
thickness, which is marked 
in thousandths of an inch on 
the blade. To use this tool 
various blades or combina- 
tions of blades are inserted 
between the two surfaces un- 
til a snug fit is obtained. 




KindiiiR o.ouUt lia« of A Comhiunlio are determined 

r<iun<i work is one use for makes a verv c vemient (jiiirkly iinil accurately with 
Camdiiiuiliuii Squares. d«-iilli Ka({«. “ Protractor. 
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Fig. I 
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The thickness of the blade oi" the isotal thickness of all the blades 
used is, of course, the measurement between the surfaces. Witli the 
tool shown in Fig. I it would be possible to measure clearances or 
gaps ranging from .0015” to ,0615". 

It requires considerable experience to bo able to take an exact 
measurement with a tiiicknoss gage, for the accuracy depends bo a 
large extent upon the ability of the mechanic to dcitenaine by feel 
v/hen there is the correct tension on the blade, '['he beginner chould 
become accustomed to the feel of this gage by measuring objects of 
Imown cleariince and by comparing .his measurements with those taken 
by an experienced mechanic. When using these gn/-;es it is essential 
that they be kept free from grease, for If there is any foreign mat- 
ter on the blades it will be impossible to get a correct reading. 
Care should be taken not to force the blades into orenlngs too smail 
for them as they may be bent or kinked. It will be noticod that tine 
thin blades of the thickness gage in Fig. I are pro tooth'd, when not 
in use, by having heavy blades on the outsides. To ta.ke full advan- 
tage of this feature the should be kept closed except when ac- 
tually being used. If the tool is not to be used foi* a considerable 
length of time, the blades should be protected with a coating of 
light oil. They ainould be wiped clean with a cloth before uo.i,!ig them 
again. 



Fig. Ill 

Plug Gages 
Pig. II 

Plug Gages - Several types of plug gages are shown in Fig. II. 

These are used for measuring the diameter of holes. For checking to 

see If holes are oversize, a gage with one accurately ground plug is 
used. The plug is simply inserted In the hole and if any clearamce 
Is noted the hole is oversize, for the gage is ground to the largest 
diameter allowable for the hole In question. For measuring a hole 
within definite allowable limits, a combination "Go” and "Not Go" 
gage is used. This is similar to the standard plug gage except that 
it has two accurately ground plugs, one for the minlmxmi and one for 

the maximum allowable diameters. In order to be sura the hole is not 

undersize, the Go gage, or the small diameter plug, must be inserted. 
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ir the Not Go gage, or the larger diameter plug, oan he inserted in 
the hole. It indicates that the hole is oversize. These gages are 
made of high grade tool steel especially selected for the require- 
ments of the work and are carefully heat treated, hardened, ground 
and lapped to size. Note ; Although the steel used in making gages is 
carefully alloyed so that it will be as little affected as possible 
by the temperature, it must be remembered that it does expand and 
contract with the increase and decrease in temperature. Most gages 
are designed to be accurate in a standard temperature of 68° p. If 
they are used when the temperature is greatly above or below this 
point, due allowance should be made for expansion or contraction. 

Utmost care should be taken when using these tools to see that 
they are not dropped or otherwise abused as a slight scratch or burr 
may render them unfit for service. When not in use they should be 
protected from weather by a coating of oil, and stored in a safe 
place . 


Ring Gages - Ring gages of the type shown below are used for 
m © a s u rl ng t h e d 1 ame ter of shafts, pins, rods, or other cylindrical 
objects. They are made with the same careful precision as the plug 
gages and are to be used and protected in the same manner. Toler- 
ances are checked with Go and Not Go rings. It Is customary for the 
Not Go ring to have an annular groove cut in the outside circumfer- 
ence to make it more readily distinguishable from the Go gage. The 
gage shown in the center of Pig. Ill is a Not Go gage. It is not al- 
ways possible to check the entire outside diameter of a shaft with a 
ring gage, as the shaft may have a large diameter on each end and 
this would make it impossible to gage the diameter of the portion 
between the ends. If this is the case, the combination ring and snap 
gage, such as shown in Fig, IV, is used. Using this tool, the entire 
shaft must pass through the ring, but no part of the shaft must pass 
through the opening of the Not Go snap gage. 


Surface Gages - Surface gages are commonly used in conjunction 
with a surface plat^e to transfer accurately distances from the plate 
to an object. One popular type of surface gage is shown in Pig. V. 
It will b© noted that the tool is being adjusted to a vertical meas- 
urement. This adjustment is made by swinging the swivel to any de- 
sired position, then sliding the indicator on 
the spindle to the correct measurement, where 
it is locked in place. A fine adjustment is 
then mad© by turning the small Vernier screw 
in the base. After the correct setting has 
been attained it may be transferred to the 
work. This instrument is definitely a preci- 
sion tool and should be treated as such. 




Fig. V 
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Drill G-ages - size 
of twist drills ~ is readily- 
checked by the use of a 
drill gsige, such as the one 
shown in Fig. VI* To use 
this gage, the drill is 
merely inserted in the 
smallest hole possible. The 
hole is labelled with both 
the number of the drill and 
its decimal equivalent. 
Many drill gages also con- 
tain other useful reference 
material, such as the cor- 
rect size of drills to use 
for drilling tap holes, 
body holes, etc. 



/tx't 'w/v*- .'-//dvxr/v 

Pig VI Fig. VII 


Screw Gag es - There are 

many types'^ used to detei^mine the diametric size of wood or 
machine screws. One of the most popular types is shovm in Fig. VII. 
With this gage, the screw is merely inserted in the large end of the 
slot and is moved downward as far as possible without fo:pcing. The 
mark opposite the center of the screw indicates its diameter or ntim- 
ber. 


Screw Pitch Gage - Fig* VIII shows a screw pitch gage which may 
be used to determine the n-umber of threads per inch on either a bolt 
or a nut. Each blade is px’ovided with a saw tooth face, one of which 
may be fitted to the threads being checked. After the correct blade 
has been found the number of threads per inch may be determined from 
the number stamped on the blade. There is very little possibility of 
making a mistake with this gage except when ineasuritig very fine 
threads and even then, by exercising a little caution, no difficulty 
should be encountered. 


Dial Gages - Where it is necessary to check the truenaas of an 
object rather than to take its exact measurement, a dial gage, such 
as Illustrated in Fig. IX, is often used. Such an application would 
be in checking the inside diameter of a constant bore cylinder. The 
gage is held in an attachment stand, which luay 
be made of various sizes of rods or bars, so 
that the distance from the base of the attach- 
ment to the measuring face of the rod is the 
standard diameter of the cylinder. The entire 




Fig. IX 
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indicatoi’ Is now placed in the cylinder and if the cylinder is the 
correct diameter at that point, the indicator hand on the gage 
points to zero. The entire cylinder is checked by moving the unit to 
various points* If the cylinder is oversize in any place the measur- 
ing face rod will be allowed to spring out and the indicator will 
move to the positive, or plus, side until the increased diameter is 
shown in thousandths of an inch. For example, if a cylinder is .005*' 
oversize the indicator hand will stop at +5. If the cylinder is un- 
dersize at any point the measuring rod will be forced in and the in- 
dicator will swing correspondingly to the minus side. This gage may 
also be clamped in a surface gage and used to check the trueness of 
external measurements or the roundness of material held in lathes, 
etc. 


DRILLS 

There is a tendency on the part of a 
beginning mechanic to overlook the impor- 
tance of sharpening drills. The twist 
drill is essentially a cutting tool and 
should be treated as such. To understand 
thoroughly how to sharpen a drill, some- 
thing should be known of the functions of 
the various parts. The drill may be divi- 
ded into three parts; the point, the 
shank and the body. The point of the 
drill Is considered to include the entire 
cone-shaped tip. The point contains the 
cutting edges, or cutting lips. Pig. I. 
The shank is the portion by which the 
drill is turned. The body contains two 
spiral grooves on opposite sides running 
from the shank to the point, called 
"flutes. " 

The flutes of a drill serve not only 
the purpose of foming the cutting edges 
of the point but are designed to curl the 
chips (metal shavings cut by the drill) 
tightly within themselves, to avoid clog- 
ciinF. the hole. Channels are also formed 
by the flutes whereby the chips may es- 
cape from the hole. Another function of 
the flutes is to allow lubrication to 
reach the point. 



/we. I 


If the entire body of the drill were the exact diameter of the 
drill itself, much pressure would be needed to overcome the result- 
ant binding of the body on the sides of the hole. This would cause 
the drill to become heated to the point of drawing the temper 
the drill* To avoid overheating, all of the body of the drill is of 
less diameter, except a small "margin" on the cutting side of each 
flute. This is called body clearance. 


For general purposes the drill is sharpened to the wigles shown 
in Figures II and IV. If the lip angle is more than 59 it is hard 
to center the drill, as the flatter angle gives the drill a tendency 
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to v/alk 01 * slip* An angle o.t less than 
59^ on the lips causes the drill to cut 
less rapidly as tiie cutting edges are 
lon^t^r. The cutting lips fdiuuld always 
liave a cleai'ance^ of fri.tiii Ih^^ to 15^^ to 
allow the lips to peneti-ate into the 
metal. This is an Important pcdnt^ for 
lanleas the drill is gi'ourui with correct 
clearance here, the surface back of the 
cutting edge wli 1 rub on ttio bottom of 
ttie hole and will not permit tlie 'lips to 
out. This should be wat.cht^d, close.ly in 
grinding dtdlls as It is easy to over- 
look, especially on drills of small di- 
ameter. 


Cutf^nc 
or 



MarQjn 
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Drills should be ground on a fine 
emery whe el that is s u ri‘ a c e d t ia,i 1. y . C a re 
should be taken to prevent the drill 
from getting hot, by dipping it in water 
frequently while grinding. Grinding 
drills is not a difficult px*ocess, hut 
it requires considerablo practice. One 
of the best ways to learn to siuirpen 
drills correctly is to select a medium 
size drill, about 5/8" in diameter, and 
practice sharpening this drill several 
times. If a drill of much smaller diam- 
eter than this is used in practicing, it 
will be difficult to check the angles. 
A metal template with the corcoct angles 
will be found to be of great assistance 
in checking the accux'acy of your work. 


The drill should be held in the right liand and siqjpox'^ted near 
the point with the first finger of this hand. Holding the shank of 


the drill with the left hand, let the 
the face of the stone in such a manner 
that the cutting edge is at right an- 
gles with the emery wheel. This will 
give the lips their angle . By moving 
the left hand down, the drill pivots 
over the first finger of the right 
hand and as the drill point moves up- 
ward, the lip clearance is cut. 

The cutting angle of 59^ has been 
found to be the best angle for use In 
drilling such materials as chrome mo- 
lybdenum, cold rolled steel, tin, cast 
Iron, wrought iron, fiber, etc. For 
drilling soft materials such as brass 
aliaminum, dural, etc., the drllJ 
should be sharpened to a lip angle of 
approximately 50^^ as this permits the 
drill to cut faster. For drilling wood 


point come Into coxitact with 
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an even smaller angle is used. In drilling thin sheet stainless 
steel, a drill with an angle of about is recommended. If this 
angle is used, greater care must be taken to provide a good center 
punch or guide hole for the drill, as it is harder to center the 
blunt point • 

REAMER S 

Reamers are used to enlarge and true a hole, such as is neces- 
sary when installing new bushings, drilling new bolt holes, etc. 



The reamer consists of three parts; the 
body, the shank and the blades. The shank 
has a square tang to allow the reamer to be 
held in a tap wrench, or other similar han- 
dles, for turning. The main purpose of the 


course, is to support the blades. 


Fm.E 


The blades on a reamer are made of 
steel, hardened to such an extent that they 


are very brittle. For this reason great 
care must be taken in using and storing the reamer in order to pro- 
tect the blades from chipping. when a hole is being reamed, the 
reamer should be turned in the cutting direction only, to prevent 
chipping or dulling of the blades. Great care should be used to as- 
sure even, steady turning, otherwise the reamer will "chatter^’. 


causing the hole to become marked or scored. To prevent damage to 
the reamer while not in use, it should be wrapped in an oily cloth 
and kept in a box. 


Reamers of the types shown in Figures I and II can be purchased 
in any standard size, but are also available in size variations of 
.001*' for special work. ‘Where a number of holes of the same size are 
to be reamed a solid straight flute reamer is used, as it lasts 
longer and is less expensive than the expansion reamer. 

The solid spiral flute reamer. Pig. II, is used also where many 
similar holes are to be reamed and is preferred by many mechanics as 
it is less likely to chatter. The spiral reamer costs slightly more 
than the straight flute reamer. 

For general purposes, an expansion reamer. Fig. Ill, is the most 
practical. This reamer is usually sold in standard sizes from l/4" 
to 1" by 32nds and is designed to allow the blades to expand l/32". 
For example, the l/4" expansion reamer will ream a l/4" to a 9/32" 
hole, and a 9/32" reamer will carry the hole from 9/32" to 5/l6". 
This range of adjustment allows a few reamers to cover the entire 
field and by using them carefully they will meet almost any need. 

Reamers are supplied in two materials; carbon steel, and high 
speed steel. Generally speaking, the cutting blades of a high speed 
reamer lose their keenness 
quicker than a good carbon 
steel reamer, but after that 
keenness is gone It will last 
longer than the carbon reamer 
before it is beyond average 
use . 
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TAPS AND DIES 

The mecKiaiic often has occasion to cut thi*eada on bolts ov studs 
and on the inside of holes. The first operation is outside threading 
and the second is Inaicie threading or ^’tapping . ** Thero is no word 
for outside threading which cori'esponds to the word tapping, no, for 
purposes of distinction in the following instnicticjna , the pi^ocess 
of cutting an exten^al thread on a bar oi* rod wii:i bo called '‘thread- 
ing*', as against cutting a thread on tiia inside of a hole, or tap- 
ping* 



Dins AKD SrOCK, 


There are many 
variations, as 


varying forms of 
a rvLle, are slight. 


Threading is done with a 
tool called a "die", usually 
held in a handle called a 
"stock." The length of the 
stock varies with the size of 
the die, which, in turn, varies 
with the size of the rod to be 
threaded. 


are typical of the styles usually encountered. 


Tapping derives 
from tiie tool with whi 
done, called a "tap." 
The tap is held and 
turned by means of a 
tap wronci:, or in tiie 
case of small taps, a 
tap wrench and chuck, 
taps and dies, but the 
and those illustrateul 


its name 
cii it is 




TAP WliENCHES 
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Tapping and threading are usually done on maciiines in production 
work, but the field mechanic will have to do it by hand. 


There are two kinds of threads in general usa on bolts, machine 
screws, studs, etc., or rather it might be better to say, two seta 
of pitches, as the threads themselves do not differ in foxTO. These 
are the National Coarse and the National Pine. The National Coarse 
is the coarser of the two and its use in aircraft is confined almost 
entirely to machine screws and studs which are screwed into some 
softer metal like aluminum. The table below compares the number of 
threads per inch in the two standards in the sizes likely to be an-- 
countered in aircraft use. Illustrations by courtesy of Greenfield 
Tap and Die Co. 
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Dia. In, - 3/16 l/4 5/l6 3/8 7/l6 l/2 9/l6 5/8 3/4 7/8 1 
N.C. 28 20 18 16 14 13 12 11 10 9 8 
N.P. 32 28 24 24 20 20 18 18 16 14 14 

In using a die, be sure that the proper size is selected and 
that the die is right side up in the stock* The bottom of the die 
may be distinguished, as a rule, by a slightly larger opening and 
less sharply defined threads. The top of the die should fit against 
the top shoulder in the socket of the stock. Tighten the die secure- 
ly in the stock, clamp the rod to be threaded in a smooth jawed vise, 
or between blocks of hardwood, and if there is a burr on the end, 
smooth it off with a file, put some light engine oil on the rod and 
-set the die on the end carefully, taking great care that it is 
square with the rod in both directions. 

In starting the die, it is usually desirable to hold the handle 
of the stock near the center, or even to grasp the center and the 
die with one hand. Once it has been started and two or three revolu- 
tions made, the rest is easy. It is desirable to reverse the direc- 
tion of rotation for a quarter to a half revolution for every com- 
plete turn - that is, back the die up a little for every full revo- 
lution ahead. This knocks off the chips and will produce a much bet- 
ter thread if the die is not sharp. Do not press down on the die, it 
will cut just as fast and produce a cleaner thread if left to make 
its own way. Keep the piece being threaded well covered with oil. In 
removing the die, lift it off the piece as soon as it is disengaged 
from the threads for if it is allowed to spin around several times 
in the reverse direction after it is free it will damage the thread 
at the end of the bar and make it hard to start a nut on the thread.,, 


If it is necessary to cut threads close to a shoulder, such as 
the head of a bolt, the procedure outlined above should be followed 
until the thread can be cut no further, then the die should be re- 
moved and screwed on upside down. In this way the full threads can 
be carried clear to the shoulder, where otherwise the last two or 
three threads are not fully cut. 


Most dies can be adjusted to a slight extent. If it is desired 
to make an unusually tight fit in the nut or hole, the adjusting 
screw in the die may be loosened, thus preventing the die from cut- 
ting so deep. On the other hand, a loose fit between the parts being 
threaded may be obtained by tightening the 
adjusting screw. 

Tapping - The operation of tapping dif- 
fers from that of threading chiefly in the 
fact that the threads are cut on the inside 
instead of the outside. The hole should be 
drilled in accordance with the table follow- 
ing. If the hole does not go through the ma- 
terial, as in the case of a stud, the drill 
should be carried at least one diameter past 
the point where the stud is intended to end, 
as shown in Pig. I. The purpose of making 
the hole deeper than is apparently needed is 
twofold. In the first place, the end of the 
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tap does not cut a fiill thread un- 
less it Is specifically designed 
with that in view, in which case 
it is used only after the thread 
has been cut as far as possible 
with another tap. In the second 
place, Ciiips falling to the bottom 
of the hole require a certain a- 
mount of space. Of course, if the 
piece being threaded is small e- 
nough to handle conveniently, it 
may be turned upside down and the 
chips blown out with compressed 
air. To aid further in cleaning 
out the threads, a relief hole is 
sometimes drilled at right angles 
to the hole to be tapped, smaller 
than the latter and meeting it at 
the bottom. This is indicated by 
the dotted lines in Pig. I. 

In the actual operation of 
tapping, the same procedure is 
followed as in threading, as re- 
gards startinii^ the tap, using 
plenty of oil and backing up a 
half turn after every full revolu- 
tion aliead. 

In aircraft, the fittings for 
gas and oil lines, drain plugs and 
other parts of the ’’plumbing” 
which are threaded use the ’’pipe” 
thread. Both inside and outside 
threads are tapered so that when the parts are screwed together they 
fit as tightly as desired, thus producing a leak-proof joint. The 
nominal size of these threads is the diameter of the inside of com- 
mercial water pipe. A 1/4” pipe would be used in house plumbing to 
make threads for a water or Illuminating gas pipe with an inside 
diameter of 1/4”. In aircraft, the tubing used for fuel and oil 
lines is designated by the outside diaineter of the tubini:!;, which has 
a much thinner wall than ordinary water pipe. This gives rise to 
some confusion as a fitting with a 1/8” pipe thread would be used on 
copper tubing 1/8”, 3/l6”, l/4” or 5/l6” outside diameter. The fol- 
lowing table will clear this up. 

Tubing Size- l/8 5/16 I /4 6 /I 6 3/8 I /2 5/8 5/4 7/8 1 

Pipe Size- I /8 I /8 I /8 I /8 l/4 5/8 1/2 5/4 5/4 1 

The taper on most pipe threads is 

the American National Standard Taperi 
which la 5/4” In one foot. When tapping 
pipe threads, the hole# of course, 
should be tapered. The taper is made 
with a taper pipe reamer and care 
should be taken not ^ to ream too deep. 
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Tap 

Size 

2- 56 

3- 4P 

4- 36 
6-52 

•::10-50 

'::-10-32 

vl2-24 

1 / 4-20 

1 / 4 - 2 :- 

5/l6-i:-^. 

5 /IG -24 

5/^’--16 

3/B-24 

7/16-14 

7 / 10-20 

1/2-15 

1 / 2-20 

9/l6-],2 
O/lG-i:-: 
5 /B-II 
5 /B-IB 
5/4-10 
5/4-I6 
7 /•'..-n 

7/8-14 


Tap 

Drill 

50 
.1 7 

0 i.) 

29 

no 

j 

21 

7 

5 

I 

5 / 1 G 

Q. 

II 

25/(54 
27/64 
29/04 
51/(91 
55/G4 
17/52 
37/G4 
21 /52 
I I, /1 6 
49/64 
15/1*5 

7/r 

15/16 


Drill 

Dia. 

.0700 

.0795 

.0900 

.1005 

.1300 

.1570 

.1590 

.1770 

.2010 

.2150 

.2570 

.2720 

.5125 

.5320 

.5680 

.5900 

• 1'219 
.4551 

.5156 
.5512 
.57M1 
. (."> i j 2 
. 6:975 

* 7656 
.9125 
.:9V50 
.1’575 


1-8 

1-14 


^ Machine Screws 
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as a loose thread will result. The same thing applies to tapping. 
The tap should be run in until the threads are Just covered, and no 
further . The procedure in tapping pipe threads is the same as with 
any other kind of thread. The hole before reairiing should be- the di- 
ameter of the small end of the reamer. The table below gives the 
proper drills to use . 


Pipe Reamer- l/8 I /4 

Reamer Drill- "0” 15/52 

Drill Dia.- .3160 .4062 



PIPE TAP REAI.1ER 

If reamers are not available, 
the following table gives the siz- 
es of drills to be used without 
reaming afterwards. A less satis- 
factory Job will result, however. 


Pipe Thread- I /8 l/4 

Tap Drill- R 7/l6 

Drill Dia.- .559 .437 


3/8 1/2 3/4 1 

35/64 43/64 7/8 1-7/64 

.5469 .6719 .876 1.1094 




Co. 

SCREI^ PLATE 

3/8 1/2 3/4 1 " 

37/64 23/32 59/64 1-5/32 

.578 .719 .921 1.156 


Taps and dies are usually purchased in complete seta called 
screw plates. One of these is illustrated. The set shown is very 
complete and an outfit such as this is an Important part c-^ 
mechanics's tool chest. 




SCREW EXTRACTO RS 

THe mechanTc sometimes has occasion to 
remove a stud or cap screw that has been 
broken so that it cannot be removed in the 
conventional manner. A screw extractor such 
as illustrated should be used for this Job. 

The correct procedure is to center punch 
the exact center of the exposed end of the 
broken stud. It should then be drilled, us- 
ing a drill approximately 3/4 of the stud 
dimeter. There should be a substantial 
depth to the hole. The screw extractor, 

held in a tap handle or similar device, is 

inserted into the hole and turned in the 
counter-clockwise direction. It works its 
way in until its taper causes it to grip the sides of the 
hole. Further turning unscrews the stud without damaging 
the threads in the hole. 
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FILES 

The file is one of the most universally used tools. While it is 
made primarily for use on metal, it cfm be used with equal success 
on many of tixe composition materials, such as Iiard rubber, fiber, 
etc. Flies are used for every type of cut from the 



very rough cut, where removing exctuss material 
quickly la the main objective, to a cut so fine as 
to be almost polishing. To fit such a large variety 
of needs the file itself is made in many shapes and 
cuts. To attempt to explain the uses and ciiaraoter- 
istlcs of all the types of files would almost im™ 
possible, but a general conception of the varied use 



of the file can be learned from the fact tiiat one 
large file manufacturer makes more than 250 stylos 
and more than 1,000 different cuts and sizes of 
files. 

The most common shapes of files are the flat, 
half round, mill, round, square and the triangular 
shaped file, called the three-square, or threo-cor- 
nered file. Probably the most widely used shape is 


the flat file, 

”Cut^' refers to the kind of teeth on a file. The 
single cut file has but one course of chisel shaped 
grooves, running diagonally across the blade, form- 


ing the teeth. The double cut file, in addition to 


the single cut teeth, has a second finer ^iourse of 
chisel grooves crossing the first, forming diamond shaped teeth. The 
rasp cut file, used on wood or other soft material, has individually 
cut teeth which are made by raising the metal with a punch, BJach of 
the three types of cuts are supplied as standard in four grades, the 
rough cut, bastard cut, second cut and smooth cut, as shown below. 


SINGLE CUT 



Rough Bastard Second Smooth 
DOUBLE CUT 



Rough Bastard Second Smooth 
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Hints in Using a Pile; 

1. Never use a file without a handle, as the tang is likely to cut 

the palm of your hand or wrist if the file slips, A handle also 
permits a better grip, insuring a more even pressure. Make sure 
the handle is tight on the tang, 

2. Pile with a slow, even stroke, using the entire length of the 

blade. 

3. As the file teeth point forward, the file cuts only on the for- 

ward! stroke. On the return stroke the file* should be raised 
slightly to prevent dulling the teeth. 

Note: In filing soft material such as aluminum, dural, lead, etc,, 
the file should be drawn back over the metal as the teeth are 
cleaned on this stroke. 

4. The blade of a file has been hardened to such an extent that it 

can be broken easily by tapping it on a vise or bench. Por this 
reason, never attempt to clean the file by tapping it against 
anything , 

5. The material to be filed should be held firmly to prevent the 

file from chattering on the work. 

6. Use enough pressure on each stroke to keep the file engaged in 

the cut, thereby avoiding glazing the file by slipping. 

7. \Vhen filing sheet metal held in a vise, do not allow it to extend 

far beyond the jaws of the vise, as this will allow the mater- 
ial to vibrate. 

8. Use a file brush and card to clean the choked gullets between the 

teeth. 

9. In using a round file, a smoother cut will result if the file is 

rotated slightly on the forward stroke. 

10. To avoid cutting hollows in the material when using the round or 

half round file, a slicing motion should be used on the forward 
stroke . 

11. Small rod or bar stock may be cut by nicking the material on op- 

posite sides with the corner of a file and then bending the ma- 
terial . 

12. The file is a cutting tool. It should not be thrown with other 

tools or allowed to become rusty. The file should never be ham- 
mered or used as a pry, as the blade is very brittle and will 
break easily. 


SOLDERING ^ 

S^ering is a means of obtaining a positive bond between met- 
als, usually wires or sheets. In airplane mechanics it is used to 
make low resistance electrical connections, leak-proof tank seams. 


etc . 
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Soldex' is an alloy of lead and tin, btat lias a mtultinK point lo- 
wer than either of its components. It is fused or molted upon the 
parts to be Joined by oithex' a boi‘ch or a soldering’; Iron, 

The torch is employed on large work, where biio extent of the 
seam or Joint is great, and wliere beauty of flnisii Is not, Important, 
It may be either gas or acetylene fired. As tht‘ gasollnu blow torch 
is by far the more common type in use, dnsci’i^d; Ion wiJl bo limited 
to that type. 

The Blow To rch - Fig, I shows a cormnon type 
of gas'dline , The tank is filled aboiit 
two- thirds full of clean, \inleaded gasoline. The 
pump is operated until sufficient presstiro is 
built up in the tank to cause the gasoline to 
flow when the valve is opened. The torcii being 
cold, the gasoline comes out in liquid form, and 
drips into the priming pan. the pan is par- 
tially full, the valve is closed, and the gaso- 
line lighted and bhe flame heats the perforated 
nozzle. When the nozzle is hot, the valve la o- 
pened slightly, allowing the gasoline vapor 
which has been fomed, to flow from tlie nozzle, 
where it burns with an almost colorless flame. 

Soldering Irons - The soldering iron Is used for smaller work. 
The name 1 s misleading , since all soldering ^’irons'' arc made of cop- 
per. It may be heated by a blow torch, gas fl*xme, charcoal or elec- 
tricity. Electrically heated irons are special types. Figs, il smd 
III show both the plain type and the electrical type. The point, or 
working face of the iron, should be relatively blunt, as in Fig. IV, 
not sharp, as In Pig. V. The purpose of the iron is to retain fxnd 
transmit heat, and if it la too thin and sharp It will cool too rap- 
idly. Generally speaking, a large soldering ii'on shoTild be used 
wherever possible, as it will hold heat longer than a small iron. 
The iron should be cleaned, or tinned, by rubbing It against a block 
of sal-ammoniac, or in a puddle of rosin and solders 

Pl'ux - Solder will on'ly stick to 
clean"15eFal . Ther«d'ore, it is neces- 
sary to scrape or afindpaper the parts 
to be Joined, until they are brigiit. 
Even then, there is still likely to 
be a small quantity of dirt on the 
metal, and the appl lent ion of heat 
will produce oxides wliich will pre- 
vent the solder from adhering. To e- 
liminate this difficulty a is 
used, which dissolves the oxides, 
leaving the metal clean. 


Acid Plux - Probably the most 
powerful flux that la used for sol- 
dering iB muriatic acid which has 
been "cut” with pure zinc. Muriatic 
acid can be piarohased from almost any 


Co/nrrton 


ri<5. n 


G'/eciirjri c, Xr-£>n 


rta. m 
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drug store. It should he kept in a tightly closed bottle, and plain- 
ly marked ACID - POISON. To cut the acid for use, a small quantity 
can be placed in an open neck bottle or glass, pure zinc such as can 
be found in the exterior cover of an old dry cell, should be cut in- 
to small pieces and added to the acid. Bubbles will be formed imme- 
diately and the acid will not be ready for use until the bubbles 
cease. An excess of zinc should always be kept in the solution, 
CAXJTI ON : Acid flux should never be used to clean electrical wires, 
control wires, or any other small work, as the acid has a tendency 
to keep eating and thereby weakening the part, if an acid flux is 
used, the parts should be washed carefully to remove as much of the 
residue as possible. Acid flux should always be applied with a swab 
and not allowed to come into contact with the hands, eyes, clothing, 
etc. 





r BT 





F/d,. Y 


Soldering Paste - Various soldering "pastes" are made to serve 
as a f lux # Soldering pastes are as a rule not as strong a cleaning 
agent as the acid flux, but being in a paste form it is more conven- 
ient and safer to handle. The stronger fluxes are suspended in a wax 
or grease and it is often believed that the presence of the wax or 
grease will prevent any corrosive action from the flux. This is not 
strictly true, and for this reason the ordinary soldering pastes 
should not be used for delicate electrical connections, etc. Even 
though soldering pastes are termed "non-corrosive", the completed 
bond should be thoroughly washed with water. 

Rosin - Rosin can be used quite effectively for a soldering 
flux, witlTllttle fear of harmful after effects. It is widely used 
in the soldering of wires and radio connections. To aid in the use 
of rosin f]ux, several manufacturers have made a hollow wire solder 
that contains a rosin core. 

Soldering Hints: 

1. The material must be clean and free from any dirt, grease or rust 

before the proper flux is applied. 

2. The soldering iron must be the correct temperature. If it is too 

cold the solder will lump and not produce a positive bond. If 
it is too hot the solder will not flow evenly, but will have a 
tendency to follow the iron. 

3. If changeable peacock colors are noted in the soldering iron 

(copper) the iron is too hot. 
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4* In soldering connections, the wires must first be mechanically 
secure . 

5. While it is possible to solder overhead, much time will be saved 

If it is possible to place the work flat. 

6. Very often it will be found convenient to mount the iron in a 

bracket, as this allows both hands fi'ee for the soldering. 

7. A soldering Job such as an eye terminal in flying cable, etc., 

may be improved in appearance by warming the solder Bllghtly 
with the torch and wiping the excess solder off with a rag. 

8. Material bein^^, soldered should be held or pi’eforably clamped, 

fiimily. Any shifting of the parts Just as the solder is solidi- 
fying will produce Internal fractures ixi the bond. These frac- 
tures are more dangerous, as they are not readily discernable. 

9. If soldering on a tank that has at one time containeu gasoline, 

keep the torch clear of the tank, and make sure the tank Itself 
has a sufficient vent. 

10. Small parts to be coated with solder may be dlpr»eci into a ladle 

of molten solder. 


CHAIN HOISTS 

a" lypical chain hoist is illustrated in Fig. 

1. Equipment of this kind is used frequently when 
removing or replacing engines, heavy propellers 
and similar objects, or wherever it is necessary 
to raise or lower a heavy load. A mechanic should 
not only be familiar with the correct use of a 
chain hoist, but should be aware of the dangers 
involved. 

In use the hoist is suspended by the hanger 
hook, a, directly over the object to bo iTITM. 

TKe^’load is attached to the load hoo k, b. By pul- 
ling on one side of the c on 1 1 nuou s hand chal n , c, 
the load is raised, and by pulling on the bth'er 
side of the same chain it is lowered. As the hand 
chain moves, it turns the large overhaul wheel , 
d, which actuates a set of reduct ion g c a rs c on - 
falned in the main housing e. A specially deslgn- 
ed load chain sheave , whicE is driven by the re- 
ductlbn "gears , rotates to raise or lower the load 
hook. There are, of course* many types of chain 
hoists, with various gear ratios and load capaci- 
ties. However, those having a one, three, or five ton capacity and a 
gear ratio of three to one, or five to one, are used frequently. 



Chain Hoist 
Fig. I 


Probably the most important single factor contributing to the 
safe use of a chain hoist is its secure suspension. Not only should 
the hanger hook be properly attached to its support, but the support 
itself should be inspected to make sure that it will stand the load 
and is in no danger of tipping, sliding or slipping. This point can- 
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Fig. II 


not be over-emphasized, as serious damage and possi- 
ble injury is likely to result if the support fails* 

The hooks are so shaped that there is not much 
possibility of the load slipping off, even if it is 
jarred or jerked. However, there is a possibility 
that it might and to guard aga'inst tM s , the hooks 
should be^ %'oused", or safetied, as shown in Fig- II- 

Soft brass wire, light line, or any similar ma- 
terial may be used for this purpose and there is no 
definite rule as to how it should be done. The point 
to be remembered is that the hook opening should be 
lashed so that it is impossible for the load line to 
slip off. 


ABRASIVES 

Abrasives are usually classed as materials and not as tools, 
but inasmuch as their proper selection and use is of so much impor- 
tance they will be described briefly here. 


Nearly everyone is familiar with the use of sandpaper as an ab- 
rasive, as it is used extensively for smoothing all t^^'pes of wood- 
work, It is supplied in various grades, ranging from the fine grit 
#000 to the coarser #5, This material is not satisfactory for work- 
ing on metal parts, as the j^ilicon base grit is not hard enough to 
cut metal efficiently. If it must be used in case of emergency, 
special care should be taken to use as. fine a grade as possible, to 
avoid scratching the metal. It is often advantageous to dull the 
sandpaper by rubbing the abrasive sides together, which will remove 
most of the sharp edges and most of the loose grit. Naturally, any 
material on which an abrasive has been used must be thoroughly 
cleaned afterwards. A somewhat more satisfactory type of abrasive 
for use on wood is garnet paper. This is a little more expensive but 
will give greater service and will not fill up as readily. 

Emery cloth is used extensively for cleaning and polishing met- 
al parts. It consists of finely ground particles of emery glued to a 
tough cloth backing, and ranges from the fine #000 to the coarser #3. 
When used for cleaning or polishing metal parts great care should be 
taken that the grade used is not too coarse, as this abrasive often 
cuts more quickly than is expected and a scratched or uneven surface 
may result. For finer polishing work, emery cloth should be lubrica- 
ted with cylinder oil. If it is necessary to obtain a high polish on 
steel surfaces, crocus cloth is used. This is also an emery base ab- 
rasive, but is much finer even than #000 emery cloth. 

Another material that is used frequently to obtain a high pol- 
ish is ground pumice stone. This comes in powdered form and may be 
used either plain or with the addition of a few drops of water or 
oil. Pumice makes an excellent polishing compound but is often less 
convenient to use than crocus cloth. An inexperienced mechanic 
should never attempt to fit parts with emery cloth, unless he is ab- 
solutely certain of the procedure. 

Valve grinding compound is a powdered carborundum abrasive sus- 
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pended in a composition paste* There are two general typos, the oil- 
mixed and the water-mixed* The former is thinned by the addition of 
oil and the latter by the addition of water. Wliile these abrasives 
are used mainly for grinding valves, they are frequently used when 
grinding piston rings or lapping parts. 

Steel wool, which consists of matted steel cuttings, has many 
Msea in aviation for cleaning and finishing parts. Steel wool can be 
used with equal success on wood, paint, fiber, metal and many other 
surfaces, providing the correct grade is selected. Grade #0, which 
is the finest, is about equivalent to crocus cloth or pumice stone 
and is used to produce a high polish. The mediimi grade, #1, can be 
compared to //O sandpaper. The coarsest grade, #5, is about equal to 
//I or //2 sandpaper, steel wool should never be used on any engine 
part unless it is possible to clean the part thoroughly before as- 
sembly, as the small shreds of steel wool may get into the engine 
and later cause serious damage. 

TIMING DISKS 

Many engines are built that do not have a complete set of tim- 
ing marks indicated on some rotating part. For this reason it is 
necessary for the mechanic to measure the crankshaft rotation in de- 
grees by other means for the purpose of timing the engine. There are 
several types of timing disks, but one of the most popular is the 
universal disk, shown in Fig. I. It consists of a disk, a, graduated 




■UNIVERSAL TIMING DISC PIG. I 

in degrees, a pendulum indicator, b, and a collar, c, for attaching 
the disk to the engine crankshaft, d. 

The disk rotates with the crankshaft and the weight, a, causes 
the ball bearing mounted indicator to remain vertical. The'*"p©ndultim 
indicator cannot be used except when the crankshaft is approximately 
horizontal. If it is necessary to use the timing disk when the en- 
gine crankshaft is vertical, as may be the case when the engine is 
in a stand, a pointer, or indicator, can be improvised and attached 
rigidly to the engine. 
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TOP CENTER INDICATORS 

Many times a mechanic has to locate the exact position of the 
crankshaft when a piston is on top dead center. Probably the sim- 
plest way of doing this is to remove a spark plug and insert a 
smooth stick or a soft wire of large diameter into the cylinder un- 
til it touches the top of the piston. By rotating the crankshaft it 
is possible to feel the movement of the piston. However, this method 
is not exact, due to the fact that there is only a slight vertical 
movement of the piston near its top center. This makes it difficult, 
if not impossible, to tell just exactly when top dead center has 
been reached. For purposes of timing the engine more accurate re- 
sults must be obtained. The exact top dead center may be located 
with a top center indicator and a timing disk. 

Top center indicators, similar to that illustrated in Fig. I^ 
may be purchased, although they are usually made by the mechanic. 
The essential parts are an old spark plug shell, spring wire and a 
fiber plug. The spring wire, w, is insulated from the shell by plug, 
£, made of fiber or other non- conductive material. The external end 
of the wire is provided with a positive terminal, i, and the inter- 
nal end is made round by adding a ball of solder. The indicator is 
grounded to the engine through the shell. A single dry cell, b, and 
a suitable low voltage light, 1, connected as shown in Fig. I# are 
needed to complete the indicator. Its operation is simple. When the 
wire w la raised, it makes contact with the contact point £, which 
is grounded through the shell. Thus, the circuit is completed and 
the light flashes on. 



To find top dead center with the aid of this device, a spark 
plug should be removed from the cylinder which is being used for the 
purpose, and the indicator inserted in its place. The piston, of 
course, should be near the bottom of its stroke so that it will not 
Interfere with the adjustment of the indicator. After the shell is 
secured in place the pin m should be lifted and the fiber plug rota- 
ted so that the ball of solder on the end of the wire is at its low- 
est point. Note ; Due to the different arrangement of spark plug 
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openings in various typus of t;nKine,>3, the wire niay have bo be bent 
so that the upward travel of l.iie piston will cause it to make con- 
tact correctly. It is desirable for the piston to make contact with 
the wire about 50° before its top center. After the wire lias been 
arranged so that it will operate correctly, the tin in should be low- 
ered to prevent the fiber plug, and consequently The wire, from 
turning . 

The timlnp; disk is now attached to tho ctiftlne, uisregaru lug the 
degree position indicated. TJie crankshaft may now be turacd very 
slowly in one direction until the piston forces the wii'c upwarlT'to 
make contact. This naturally will be indJeatcu by tlie Jight. At this 
point a reading should be taken of Uie timing disk s>'tti:i;’:. Ar an 
example, let us assume this reading is 76°. After tide flgur>' has 
been noted, turn the cratikshuft in the oprosil.e lii ruction until llie 
ligiit again flashes on. This will mean tlml- the piston Is the same 
distance from top center, but the crankshaft was revoivei! in tnc~orf 
posito direction in order to place the piston in tiiis oositJon. Con- 
sequently there will be a new position IncUcated on the tisung disk. 
This new reading should be noted along with the previous one. '.Ve 
will assume this new reading is 142°. An both I'eadln'c wt>re mane 
when the piston was exactly the same nusiber of uegrtscs J'rom to; in a.: 
center, this point can bo located by findin/.- tho number of lirru'e-.s 
between the two readings, ana dividing by two. To com('Jatt,- thi^ exam- 
ple used hero, - there will be a total of 64° between tiie two ivad- 
ings, 142° - 78° = 84°. This aniUe of 84°, or tlie difference between 
the two readings, should be divided by two, giving 52°. Then, by ad- 
ding 32° to the first reading of 7B° the position of top dead center 
is found to be 110°. 

The top center indicator sliould now be removed ana tho crank- 
shaft turned until the timing disk. I'eada 110°. Tho anglno is now on 
top dead center of the timing cylinder and. If dcsirtvl, ttie Mining 
disk can be shifted so that it reads zoro. "/hll.e doing luiis givTnt 
care should be taken not to rotate the crankohaft. 

To ascertain whether oi’ not the piston is on tho compj'ession 
stroke, two methods are commonly employed. tIks fli>st motr.od Is to 
remove a spark plug on tho desired cylinder, hold the thumb over the 
opening and to turn, or have an assistant turn, tho propeller rnpid- 
ly in the direction of normal rotation. Wlion a positive [ riuisure is 
felt on the thumb the cylinder is on the compression stroke. Howev- 
er, it Is usually more satisfactory to observe the action oJ' the 
rocker arms on the cylinder. Simply turn the propeller In tho cor- 
rect rotation until tho Intake valve clos es, wlilch means that the 
piston is moving upward bn 'the compresslon'stroke. ’/ftien the piston 
reaches the top of its travel as indicated by the timing disk, the 
engine is said to be on top dead center of the cmprenslon stroke or 
top dead center of the power stroke . 



CHAPTER 5 

SERVICING AND OPERATING 


Althoiigh this hook is primarily intended for the mechanic 
rather than the pilot, it has been considered desirable to include 
a certain amount of information on the actual operation of the 
engine. As is the case with all other sets of instruction;^ these 
must necessarily vary with each type of engine. Hence, if possible, 
the handbook of the manufacturer should be consulted before attempt- 
ing to operate any engine. However, if no handbook is available, it 
will he. found that the information contained In this chapter is 
sufficient to permit safe handling of any conventional type of air- 
craft engine. 


SERVICING THE ENGINE 


This is one of the simplest duties that the engine mechanic has 
to perform. Yet, as with all other engine work, it must be done 
carefully and conscientiously, it is here that the mechanic is usu- 
ally started on his career; therefore it is here that he must prove 
his efficiency and dependability. He should never complain about not 
being given a more important job, but should consider this work in 
its true light, as a necessary and essential part of aviation, a job 
upon which the success or failure of the flight often depends. 

CARE OF THE GASOLINE SYSTEM 

There is more to refueling an airplane than simply filling the 
tanks with gasoline. The job starts with the Instructions of the 
pilot or chief mechanic. It is extremely important in this connec- 
tion that the mechanic in charge of the actual refueling thoroughly 
understands, and if necessary makes notes of, the exact amount and 
kind of gasoline wanted and in which tanks the fuel is to be placed. 
Many pages could be written about the sometimes disastrous results 
of not imderstandlng or not carrying out these instructions exactly. 
The work is so important that several large airlines require the 
pilot to check this item personally before each flight, just to make 
sure that it has been done correctly. 

The handling of aviation gas should be done very carefully to 
avoid spilling. Gasoline spilled on the person may cause serious 
burns. Particular pains should be tsiken to prevent any gasoline from 
getting on the face or in the eyes. Ethyl gas, especially, Is quite 
poisonous. Needless to say, smoking should not be permitted anywhere 
near by when gasoline is being handled. 

It is essential that all of the fuel that goes into an airplane 
be clean. Great care must be taken to avoid use of any dirty equip- 
ment;; Any funnels that are used must be clean and preferably rinsed 
with gasoline before use. The hose nozzle should be cleaned and care 
taken not to let it fall on the ground. 

The funnel should be placed in the filler neck of the tank in 
such a manner that the weight of the fxinnel and gasoline is not on 
the filler neck. The tank necks are often bent when this precaution 
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is not taken, sometimes causing the tank proper to buckle and conse- 
quently crack at some point. 

When filling a fuel tank from a hose (the customary method on 
large airports), it Is essential that the nozz/le of the hose be 
grounded or connected electrically to the tank. Tiio reason for this 
requirement is that the fx^lction produced by the gasoline flowing 
through the hose and Into the ta^ik builds up a charge of static 
electricity. Such a charge having been built up, when tho noz^/le is 
removed from the tank an electric spark may occur which will ignite 
the gasoline. Many serious fires have bean caused by the neglect of 
this simple but important ])i'ecaution. The funnel or nozzle may be 
grounded by tho us© of a short piece of wire provided with clips at 
each end. One clip Is attached to the funnel or nozzle arul the other 
to the tank. In addition, a similar wire should run from the nozzle 
to the earth or some suitable ground. If tlie fiiel is being drawn 
from a large underground tank, care should taken to provide a 
suitable electrical connection between tiie nozzle ami tdie t;ank it- 
self. 


There is great danger in refueling during or just before a 
thunderstorm, particularly if the slilp is of all-motal construction, 
since, under such weather conditions, large metal surfaces may be- 
come charged with static electricity from the air. Hence, particular 
precautions with respect to groundiiag the entire airplane should be 
taken if it becomes necessary to refuel. The safest piucodure is to 
avoid refueling, if possible, until the danger no longer exists, 
or, in other words, until tno weather conditions have improved. 

Water in Gasoline - Great care must be taken to ©.limlnato any 
chance of water entering the tank. If the presence of water in the 
gasoline is at all possible, some precautions to ativnln tiio gasoline 
must be taken. The most common practice in this connection is to 
strain the gasoline through a chamois skin wiiich has been tied 
loosely over the mouth of the fimnel. Water willl not pass through 
the chamois skin. If this is done as a general practice, tho dtiamols 
skin must be removed occasionally and washed with soap and water to 
remove the accumulated sodiment which clogs it. After washing, it 
should be thoroughly air dried and than rinsed in gasoline before it 
is used again in tho funnel. 

Straining gasoline throUegh a chamois skin is a slow process and 
many times "pool table felt" is used in place of the oiuimois. This 
proves quite satisfactory and also much faster. How© vex*, If this 
method is used, water should not be allowed to accumulate on the 
felt as it will eventually pass through. 

several patented funnels are now on the market which are 
claimed to prevent any water from entering the tank. Many of these 
are satisfactory but there are some which are not. If a funnel of 
this type is used It is best to test it previously. 

Gasoline that^has been stored in five- or tan-gallon cans must 
be strained to eliminate all water and sediment caused by condensa- 
tion and rust. 
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Most refueling trucks or underground storage systems are e- 
qulpped with some type of water separator which filters the gas be- 
fore it is delivered to the tank in the airplane. Since these de- 
vices vary with different installations, specific instructions with 
respect to them cannot be given. However, the location of such sepa- 
rators should be determined and the separators themselves periodi- 
cally checked and drained of any accumulated dirt or water. 

General In Fueling - Whenever a ship comes in to the 
hangar, the fuel in each tank should be measured with a clean measur- 
ing stick and the amount noted. Some stations keep a supply of 
standard forms for this purpose which, when properly filled out, are 
presented to the pilot. In most cases such service is appreciated 
and frequently results in the sale of fuel or oil. 

After fueling, be sure that the gas tank caps are securely re- 
placed. Such caps should be provided with a chain, so that if they 
should become loose in the air, they will not blow back with poss- 
ible damage to the after portions of the airplane. The condition of 
these chains should be checked, and if the ends are not properly 
secured, they should be repaired. 

Make sure that the gas tank vent is open. 

Never step except where a step is provided. 

Never drag the hose over the wing, struts, windshields, etc. 
Treat the airplane with respect. 

Po not overflow the gas tank nor allow gasoline to spill from 
the funnel. 

Do not sit on the wing if it can possibly be avoided. 

In some cases it is desirable to have a line attached to the 
hose to support the weight of the hose. This line should be tied not 
to the filler neck, but to some part sufficiently strong to with- 
stand the strain. 

After the refuelling has been completed, remove all rags, fun- 
nels, etc. Replace the measuring stick, if it is commonly kept in 
the ship. 

Strainers - All gasoline strainers should be cleaned by remov- 
ing the screen and draining the water trap. Examine the screen for 
any accumulation of dirt, rust, etc. and if any undue amount of 
sediment Is found, repoart this condition to the chief mechanic or 
pilot. Replace the strainer screen and close water trap. Safety the 
strainer and test it for leaks by turning on the gasoline and build- 
Ing up pressure with the hand wobble pvimp, if such is supplied. 
Caution: This pressure should not exceed 6 Ibs./sq.in., as more may 
3i5Eage~th6 carburetor. 

After the ship has been fueled. It is an excellent plan to 
drain the sumps of the fuel tanks, if they are provided with dradn 
cooks. If only a pipe plug is Installed, draining the sump when the 



128 


AIRCRAFT ENGIN E MAINTENANCE 


tank is full of gas ia a rather difficult procedure. In this latter 
case, the sumps should he drained before filling the tanks. 

It should be needless to say that refueling should never he 
done in th© rain unless proper precautions are taken to prevent rain 
water from entering the tank, 

SERVICI NG THE OI L SYSTEM 

"Bi©” imporE^ce "of the careful servicing of the oil system 
cannot be overemphasized. Any aircrai't engine must have a suffi- 
ciency of clean oil of the correct grad© or it'^wlTl not function 
properly for"To5g. 

Adding Oil - In adding oil to the lubrication system th© fol- 
lowing but 1 i n e should be carefully observed. 

1. Remove the cap or cover to the oil storeig© reservoir (oil 
tank or engine stimp) and measure th© oil in th© system if possible. 

Note ; Oil expands approximately lOjf when heated, therefore if 
the oTT” is measured while hot the level will be proportionately 
higher. 

Note ; The capacity of the system should be marked on th© tank 
or on'"'b]bL6 engine near the oil cap. 

2. After ascertaining the amount of oil needed, report this to 
the pilot or mechanic in charge and find out what type of oil is be- 
ing used. This is important for two reasons. First, it gives the 
person in charge of the ship the information necessary to estimate 
the amount of oil being used by the engine and second, Insures the 
addition of th© same type of oil, 

3. If any funnels or other equipment are to be used, make sure 
that they are clean and free from water. 

Note ; If there has been any possibility of water getting into 
the oil,”" pour the oil into the system through a fimnel very siowly. 
Watch the oil for any globules of water and* if one is seen remove 
the funnel before it has a chance to get into th© system. Even a few 
drops of water in th© oil have caused serious damage to the bear- 
ings. 


4, After the oil has been added, measure with a graduated gage 
if possible to make sure the level is correct. If the oil does not 
come to the correct level, or if It exceeds th® level, do not assume 
the condition is satisfactory, but ask the person in charge. 

Note ; Too much oil In the system may cause serious damage, such 
as fouling the spark plugs or possibly expanding to the point where 
th© tank or some of th© lines will burst. The first indication of 
too much oil may become apparent by oil overflowing from the oil 
vents and breather lines. Particular attention should be given the 
oil sump If the engine has not been run for several days as the oil 
may, in certain installations, drain from the tank into th© sump and 
fill it .up. As soon as the engine starts, all of this oil in the 
sump is put back into circulation and may cause damage to the oil 
system. 
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5. Securely replace the oil cap. IT there is a vent in the cap, 
make sure that it is open. 

6. Wipe off any oil that may have been spilled and be sure to 
remove all rags, funnels, tools, etc. 

7. Replace and safety any cowling that may have been loosened 
or removed. 

8. Make a note of the amotint and kind of oil added and the 
date. This note should be given to the pilot or placed in the cock- 
pit . 


Changing Oil - The oil is usually changed at intervals of twen- 
ty to fifty hours of flying. The oil change periods may be longer or 
shorter, depending upon the size of the engine, . type and amount of 
oil carried, and whether or not a filter is installed. For instance 
the oil may be used thirty hours if a large quantity is carried. 
Strictly from the standpoint of lubrication, it might not be neces- 
sary to change oil as frequently as this. However, the oil change 
period affords an excellent opportunity to inspect the condition of 
the oil for any indication of impending engine trouble. It is with 
this in mind that the following outline is presented, 

1. In order to insure faster and more complete oil drainage, 
the oil should first be warmed. The best way to do this is to run 
the engine until the proper temperature is indicated by the gage. 
This usually takes from five to ten minutes. If It is Impractical to 
run the engine, the oil may be heated by an electric immersion heat- 
er. One or the other of these methods must be used in cold weather - 
In warm weather heating the oil is not essential, but it Is highly 
desirable . 

2. Make preparations to catch the oil by cleaning all equipment 
to be used and providing a clean receptacle for the drained oil. 
There are many places around an airport where old cylinder oil may 
be used if it is kept clean* More important, the drained oil, if 
kept clean, may be inspected for sediment and other foreign matter. 
See #4. 

3. Drain the oil by removing the oil drain cap or by opening 
the oil drain cock, as the case may be. The majority of modern air- 
plane engine installations are provided with a drain from the oil 
system to the outside of the cowling. If not, it is well to impro- 
vise a suitable drain, using a rubber hose, funnels, etc., so that 
the oil will not spatter or be blown on the ship, 

4. It is important to inspect the oil that first comes out of 
the system, especially if it is drained from the sump. Catch a small 
quantity of the oil in a clean can. Inspect this to see if any water 
globules are present. Rub the oil between your fingers. If any grit 
is felt try to determine if the grit is carbon, sand, dirt, or par- 
ticles of metal. Any foreign matter in the oil may indicate serious 
trouble. Babbitt probably means bearing trouble, aluminum would indi- 
cate a scored piston, melted wrist pin keeper, chipped housings, 
etc. In any case, report immediately such evidences of trouble. It 
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is an excellent procedure to drain the oil through a fine screen or 
piece of wire gauze. Any dirt or foreign matter will then be trapped 
by the screen aa:id nuxke it unnecessary to feel the oil with the fing- 
ers* 


5. After most of the oil has drained out, the oil strainers 
should be cleaned. Specific directions for cleaning the strainers 
cannot be given as the types as well as locations vary greatly. if 
the strainers are in the engine they are usually located near the 
oil pump or near the oil inlet and outlet. A complete discussion of 
oil strainers will be found in the chapter devoted to lubrication. 

Some oil strainers are located between the engine and the oil 
tank, on the outlet side. These, of course, are clemned and inspect- 
ed In the same manner. 

6. Replace and safety all strainers, 

7. When the oil has been thoroughly drained ot^t of the system, 
close and safety the drain. 

Caution : It is important that the system be filled pxx)mptly af- 
ter the drain lias been closed. This will eliminate the possibility 
of forgetting it or of someone starting the engine with no oil . if 
it is imperative to leave the ship with no oil' for a period of time, 
a large sign saying '’No Oil" should be tied to the switch or throt- 
tle. 


8. Refill the oil system with the correct amount and grade of 
oil. Use no "freak" brands unless so ordered. T^ake every precaution 
to keep water and dirt out of the oil. 

9. Wipe off any oil which has been spilled, pref©i‘ably with a 
gasoline-soaked rag. Remove all rags, funnels, tools, etc. 

10. The Job should not bo considered complete until th© engine 
has been run and the system checked for leaks. 

LIQUID COOLING SYSTEMS 

the majority of modOTO liquid-cooled engines are designed to 
use a high temperature coolant. A mixture of 50 % ethylencs and 50 % 
di-ethylene glycol is recommended for this purpose. When using this 
mixture, engines are run at about 250® p. and the radiators are 
smaller than in water-cooled Installations . This means that it 
should be definitely ascertained, particularly In warm weather, 
whether the system is designed for water or for the high temperature 
coolant. If for the latter, water cannot be used, as, due to th© 
smaller radiator capacity, the water will boll out. 

If water is used in the system, the filler caps should be vent- 
ed, whereas if the ethylene glycol mixture is utlllssed, the system 
must be closed with no vent, since this liquid is very hygroscopic. 
When the system is of the closed type, a relief valve, set at 5 to 
5 lbs. must be provided. This relief valve must be regularly checked 
to see that it Is functioning. In addition to the relief valve, a 
check valve Is Installed in the top of the expansion tank* Th# check 
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valve must also be frequently examined to see that it is clear, as 
If it becomes clogged, the contraction of the liquid while cooling 
will create a vacuum which may collapse the tanlc. 

The cores of the radiator must be regularly checked to see that 
they are not plugged with dirt or insects. The system should period- 
ically be flushed out with clean water or a mixture of water and 
Oakite. 


In cold weather, a suitable anti-freeze mixture should be used 
in systems designed for water. a table, giving the proportions for 
such mixtures will be found at the back of this book. 

CLEANING THE POWER PLANT 

Cleaning the power plant is a very important job and should be 
done systematically and thoroughly. Cleaning the power plant means 
more than merely removing the dirt and grease and washing the parts. 
In addition to this, it affords an opportunity for a thorough in- 
spection of all external parts and accessories. 


ENGINE CLEANER 



Before cleaning the power plant the 
cowling should be removed and washed with 
gasoline and placed aside to dry. All 
cowling fasteners should be placed in a 
suitable container to prevent losing than. 


This is a small item but it is important. 


The engine and its accessories should be cleaned 
with clean gasoline, preferably gasoline containing 
no lead, as the lead contained in gasoline is injur- 
ious to the hands. The cleaning should be started 
at the top of the engine and proceed downward. 


One satisfactory method of cleaning is to use a clean, stiff- 
bristled paint brush and gasoline. Kerosene may be used, but it is 
not quite as good for this purpose as gasoline. All grease and oil 
accumulations should be removed and the surface underneath thor- 
oughly cleaned. If there appears to be an excess of grease or oil 
on any part, that part and all surrounding parts should be Inspected 
to locate the cause for the excess. This condition may indicate a 
cracked crankcase, leaking oil line, loose cyllnd©r,u loose pushrod 
housing, damaged accessory gaskets, etc., which, if neglected, may 
lead to serious trouble. 

Gasoline is very detrimental to rubber and for this reason no 
inibber hose connections should be cleaned with gasoline. If the in- 
stallation makes it impossible to clean the engine without wetting 
the hose connections, they should be wiped dry with a cloth as soon 
as possible. Never get an excess of gasoline on the magnetos, as 
the gasoline may run inside the magneto and wash off the protecting 
and lubricating oil and grease. The best method is to use a cloth 
dampened with gasoline and wipe the magnetos clean. Always Inspect 
the magneto couplings and ground wires while cleaning the magneto. 

Where air pressure is available the best method for cleaning 
is to use a gasoline spray gun, using from 50 to 150 pounds of air 
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pressure • A gasoline spray not only speeds up the cleaning but it 
makes it possible to clean in small, hard to clean places such as 
the cylinder flanges, behind engine accessories, etc. Caution; If 
a gasoline spray gun is used the battery must first be disconnected. 
A serious explosion may result if the meiaTl spray nozzle should ac- 
cidentally short-circuit a battery circuit. 

After the cleaning and inspection is complete all control arms 
and moving parts should be re-oiled. If the airplane is in service 
around salt water or in any locality where the parts are likely to 
oxidize easily, the entire power plant installation may be sprayed 
lightly with a mixture of kerosene and cylinder oil. This may be 
done with a hand pump insecticide spray gixn. 

INSrB:CTION PRIOR TO STARrriHG 

BcTforo attempting "to s"tart the engine tliorc are many items that 
must be carefully Inspected to insure its safe operation and the 
“ialTs factory completion of the intended flight. Very often the en- 
gine mechanic becomes so familiar witJti the starting procedure that 
he tends to overlook acme of the items. This is a natural tendency 
but must be guarded against, since the proper functioning of the 
power plant is the moat important single factor where safety in fly- 
ing is concerned. The following Inspection routine is necessarily 
general; however, in its broader sense it can be applied to any air- 
craft engine in any installation. 

(1) Check the gasoline in each tank. The pilot should be con- 
sulted as to the quantity needed for the flight. The gasoline should 
be measured with a clean, graduated' stick while the ship is on level 
ground. This may seem unnecessary if the airplane Is equipped with 
gasoline gages, but it is such an importatit item that the gages 
should not bo trusted. Measuring the gasoline not only definitely 
establishes the amount on board, but also serves to check the accu- 
racy of the fuel gag© . 

(2) Replace all gasoline tank covers and see that they are se- 
curely in place. Be sure that all gasoline tank vents are open. 

(3) Remove, clean, replace and safety the main gasoline strain- 
er. Then turn on the main fuel lines and pump up pressure, as pre- 
viously described, to make sure there are no gasoline leaks in the 
strainer. 

Judgment should be used with respect to this Item. If the plane 
is making a series of short hops the same day, it Is, of course, not 
necessary to drain the strainer between each flight. However, it 
should be dona at least once or twice a day if the plane is doing 
any appreciable amount of flying. 

(4) See that the oil tank is filled to the correct level with 
the proper grade of oil. If the mechanic is not familiar with the 
previoxis operation of the airplane it is advisable to ascertain from 

• the log book how many hours the oil has been used, and if necessary, 
consult the pilot about changing the oil. 

(6) See that all oil caps are fastened securely, and that vents 
are open, unless vents lead into crankcase. 
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(6) If the engine is liquid-cooled, check the level of the 
cooling medium and secure all caps, covers, etc. 

The cooling system pump should he checked for leaks around the 
gland nut and the entire external cooling system should be at least 
looked over, whenever there is an opportunity. 

(7) Inspect all engine and nacelle cowling to see that it is 
properly fastened and has no bad cracks. 

(8) Remove all tools, rags, etc., from the airplane. Inspect 
to make sure that there are no open or unfinished jobs on either the 
airplane or power plant. This illustrates the importance of placard- 
ing all unfinished jobs. 

(9) Check the operation of all engine controls, including that 
of the throttle, the mixture, spark advance and retard, shutter con- 
trols, hot spot, wobble pump and any other controls which may be in- 
stalled. 

(10) Inspect all visible portions of the exhaust manifold, es- 
pecially if any flexible tubing is used, 

(11) Make sure that the propeller or propellers are secure on 
the crankshaft and that the plane is in such a position that the 
propellers are free of any obstruction. Papers, rags, small tools, 
ropes, etc., must be removed to a safe distance from the propeller 
as they are sometimes picked up and drawn through the propeller, of- 
ten with serious damage resulting. If a propeller spinner is instal- 
led check for proper fastening. 

(12) Before starting an engine in an airplane with which you 
are unfamiliar, inspect the ground wire connections to the magnetos 
to see that they are tightly in place. This may appear to be an un- 
necessary precaution, but many accidents have occurred from neglect- 
ing it, 

(13) If the temperature of the air is much less than 40° P., it 
may be necessary to pre-heat the engine. See "Cold Weather starting." 
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STARTING AMD WARMING UP 

OPERATION OP VARIO US TYPES OF STARTERS 

The”“ prlncT^es'i construcii on" and maintenance of atanters are 
discussed in a later chapter. The following instructions pertain 
purely to their operation while starting the engine. 

There are six types of starters which may bo operated from the 
cockpit or from some other point behind the propeller. In addition, 
there is the "booster^* magneto, a complete explanation of which will 
be found in the chapter devoted to Ignition. Where no booster nor 
starter of any type is provided, the engine may bo started by "pull- 
ing the prop" by hand, portunately, this procedure has been discon- 
tinued in all but the smallest airplanes, since it is highly danger- 
ous and should be attempted only after considerable practice on a 
dead engine and under the supervision of an experienced mechanic, a 
modification of hand starting, which is much safer, is the use of an 
elastic cord, which will be explained in subsequent paragraphs. 

Pulling the Pro pe ller - Cautio n; Never attempt to start an en- 
gine in t He ^manner about to be described with an inexperienced per- 
son in the cockpit, or while wearing an mibut toned coat or other 
loose clothing, or when the ground is muddy, slippery or uneven. If 
the engine is hot, use ex t reme caut i on in mov ing t he propel ler, as a 
hot engine may start wiTh the switch OF!’. The neoS^i'or Experience 
before attempting this operation with a live engine is again empha- 
sized. 


Under no circumstances should the engine bo started by pulling 
the propeller without blocks under the wheel, regardless of whether 
the ship Is equipped with brakes or not. After the engine has been 
primed and the charge sucked In by turning the propeller, with the 
switch OPP^ one blade is set so that the trailing edge may'''3^uit“”^ 
"reached ''^Ith arms extended over the head. In taking hold of the pro- 
peller, only the tips of the fingers should be over the) edge, so 
that if the engine flrea backward, no injury will result to the 
mechauaic. If the blade is caught at the second joint of the fingers, 
it may be difficult to release in case of a back-fire, and the mech- 
anic may be dragged into the path of the propeller or at the least, 
have all the skin pulled off his fingers. 

Having taken hold vf the propeller in the proper manner, the 
person who la pulling It shouts "Contact" to the pilot or mechanic 
in the cockpit, who turns the switch on and replies "Contact." Whan 
starting in this manner, the faster the propeller 1b pulled, the 
more likely the engine is to start, since the intensity of the spark 
la governed by the speed of the magneto. In order to "spin" the pro- 
peller vigorously, the right leg is lifted and moved across the left 
leg, parallel to the path in which the propeller rotates. The right 
leg is then swung down and back and at the same time the weight of 
the body is thrown downward on the propeller blade. If the movement 
is performed correctly, the swing of the leg will throw one back- 
wards and out of reach of the blades. 

In the case of a large engine, two, or even three men may be 
needed. The propeller is set so that one of the blades is about 46^ 
ahead of its lowest position and the men link hands, each grasping 
another »s wrist. Before tsiking hold of the propeller, the men swing 
their bodies, twice in unison, meanwhile counting "One; two 
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On th.6 count of the man nearest the propeller grasps It with 
his free hand, (the left, in the case of all American engines )> and 
all three pxill vigoronsly, meanwhile mnnlng in the direction in 
which the propeller is being pulled. The man who has caught the pro- 
peller is thus dragged out of harmfs way by the other two. 

A highly satisfactory device for starting large engines con- 
sists of a boot made of heavy leather, and of such a size as to fit 
loosely over the end of the propeller blade. Around the open end of 
this boot and sewn securely to it, is a piece of heavy shock-absorb- 
er or elastic cord, fifteen to twenty feet long and provided with a 
loop on the free end. To use this device, the propeller is set in an 
approximately horizontal position, and the boot is slipped over the 
end of the blade which is to the left of the pilot. The propeller is 
held in position by an experienced mechanic. The free end of the 
shock-absorber cord is attached to a truck and the truck then driven 
away from the airplane, to the right of the pilot, until the cord 
has been stretched from two to three times its normal length. The 
mechanic who is steadying the propeller gives the usual signals of 
’•Contact" to the pilot and pulls the propeller a few inches in the 
direction of normal rotation, taking care to stand clear. The con- 
traction of the cord then pulls the propeller through approximately 
half a revolution, at which point the boot flies off. The momentum 
of the propeller carries the engine through several revolutions. 
This arrangement is illustrated in Figure I. 



Very small engines, such as the Aeronca, the four- cylinder Con- 
tinental, the 50 h.p. Menasco, and others of the same type may fre- 
quently be started while standing behind the propeller. This method 
is essential in seaplanes which are afloat, in which case the person 
starting the engine usually stands on the deck of the right float, 
holds on to the structure of the airplane with the left hand, and 
pulls the propeller with the right hand. However, it is entirely 
possible to stand on the left float and push the propeller upward. 
This latter method is not recommended for inexperienced persons. 

Engines of the class Just mentioned, and others up to about 100 
h.p. are frequently provided with an Impulse coupling on the magne- 
to. The presence of such couplings is indicated by a loud click as 
each cylinder passes the firing point. When this device Is installed 
there is no advantage in pulling the propeller violently, in fact, 
better results are obtained if it is pulled as slowly as possible 
consistent with keeping clear. 

The Booster Magneto or Coll - This device simply produces a hot 
spark in the cylinder regardless of whether the regular engine mag- 
neto la turning or not. It utilizes the distributor and external 
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wires of the main ignition system, but not the other parts* If the 
booster is of the magneto type It may be cranked by the pilot, if a 
coil and battery type is installed, the spark is produced simply by 
pushing a button. The booster may be used in conjunction with any of 
the starters previously discussed, to intensify the spark, or it may 
be. used alone. In the latter case, the engine is properly primed by 
turning the propeller, the switch turned on, and the booster opera- 
ted* Since the spark produced by the booster occurs when the piston 
is past top center, there is no danger of the engine ^‘kicking" or 
starting backwards. After starting, the booster should be kept in 
operation by continuing to crank the magneto or by holding the push 
bi’tton down until there is no doubt that the engine will continue to 
run. 


The Direct Hand Crank - On engines of 500 h.p. or less, a type 
of starter sometimes usM consists of a hand crank geared directly 
to the crankshaft, with no mechanism other than a set of reduction 
gears. Sometimes a booster magneto is built into the mechanism so 
that a hot spark Is produced In the cylinder in spite of the fact 
that the engine is being turned very slowly. Operation of tills 
starter consists simply of turning the crank as rapidly as possible 
until the engine starts. If the starter is provided with an integral 
booster, it is advisable to continue spinning the crank thus contin- 
uing the booster spark, until it Is evident that the engine will 
keep on running on the sparks from the main ignition system. 

The Air Injection Starter - This type of starter was once ex- 
tremely popular but has been largely superseded by other varieties. 
It is operated by feeding compressed air to the cylinders through a 
valve controlled by a T-handle in the cockpit. This handle Is turned 
a quarter of a revolution to the left to unlock it, is pulled out, 
and as soon as the engine starts, is pushed back in and rotated a 
quarter-turn to the right to lock it and prevent accidental opera- 
tion. If the engine does not start immediately, the handle should be 
pushed in and the reason for the failure to start determined, for if 
the starter is operated continuously for more than a few seconds, 
the air will quickly become exhausted. It will then be necessary to 
start the engine by swinging the propeller or by soma other means. 

The combustion Starter - This starter is operated by the ex- 
plosion of a charge of powder contained in a cartridge. The car- 
tridge is placed In a breech in the cockpit and exploded by making 
an electrical contact through a push button switch. Before attempt- 
ing to use this type of starter, the details of its construction and 
use, as discussed in the chapter on Starters and aenerators, should 
be studied. 

The Inertia Starter - The principle of the inertia starter con- 
sist s’''W~itoHng*lIp~e^ by spinning a heavy fly-wheel, which is 
then connected to the engine by means of a clutch. The momentm or 
inertia of the spinning wheel then turns the engine over several 
revolutions until the energy is used up. in the hand inertia starter 
the fly-wheel is spun by means of a crank, which may be attached to 
a series of gears connected to the fly-wheel. The crank Is turned, 
slowly at first, increasing the speed to the maximum possible. It is 
then quickly pulled off the shaft and the clutch engaged by means of 
a handle located either in the cockpit, or within reach of the 
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person turning the crank* In some installations, the handle is ar- 
j?anged so that it is pulled to engage the clutch, in others, it is 
pushed, the former being the more common* When turning the crank, 
the operator should be careful to have a good footing, or to hold to 
some solid part of the airplane with one hand, so that any possibil- 
ity of falling into the propeller is eliminated. 

Many airports are provided with a device known as an External 
Energizer, for use with Inertia starters. The Energizer is simply a 
motor, arranged so that it may be connected to the shaft of the 
starter. Current for the motor is supplied by batteries outside of 
the airplane. This device naturally eliminates any effort on the 
part of the mechanic. It is discussed more fully in the chapter on 
Starters and Generators. 

The Electric Inertia Starter - This starter is identical with 
the type Just discussed except that it is provided with an electric 
motor built into the starter and operated by means of batteries 
carried in the aircraft. The control Is almost invariably in the pi- 
lot *s cockpit and consists of a button or handle which is pushed to 
start the electric motor and pulled to engage the clutch. To start 
the engine, the button is pushed for five to ten seconds, or until 
the starter has reached its maximum speed as Judged by the whine of 
the gears. The button is then pulled. In case the battery is weak, 
the electric inertia starter may be operated by hand crank Just as 
though no motor were provided. 

The Direct Electric Starter - This starter needs practically no 
explanation since it is operated exactly as the starter of an auto- 
mobile; in other words, simply by pushing a button with either the 
foot or the hand. The direct electric starter is usually provided 
with a means for attaching a hand crank, by which the engine can be 
turned through reduction gears in case the battery Is run down. 

STARTING IN NORMAL WEATHm 

The procedure in starting varies somewhat with different types 
of engines and even to a slight degree with individual engines of 
the same type. However, the rules given below will, in general, be 
foxind satisfactory. 

(1) Head the ship into the wind, see that the propeller is 
clear of obstructions and that the slipstream will not blow on other 
airplanes or into the hangar, and block the wheels . 

(2) Check the ignition switch to see that it is OFF. 

(3) If the propeller Is of the two-position controllable type, 
set the control to the high pitch position. If a constant speed, Ly- 
comlng-Smlth, or Curtiss Electric propeller is being used, set the 
control to the low pitch position. 

(4) Close the throttle, set the mixture control to the full 
rich position and advance the spark. Note; Some engines show a ten- 
dency to kick back when started with the” spark fully advanced. If 
this tendency is evidenced, retard the spark about half way until 
the engine fires and then immediately advance it. 
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(6) Turn tlio gas shut-off cock to the ON position* Turn ©xhauat 
analyzer ON* Set manifold pressure regulator to Take-off position 
and close oil cooler or radiator shutters. Note: The last three 
Items of equipment are usi^ally not Installed on the’ smaller ships, 

(6) If the fuel system is of the pressure type> operate the 
wobble pump until the pressure gag© indicates 5 or 6 lbs,/sq,ln. 
Caution : Do not continue operating the wobble pump li; the carburetor 
begTnF"to drip, as this causes an unneceasaiy fire imzard. 

(7) If tl,i6 engine la cold, turn the primer shut-off cock to the 
ON position and prim© with five or six strokes of the priming pump. 
The pump handle should be pulled back slowly and a slight pause made 
when the plunger Is fully extended, so as to give time for the gas 
to be sucked into the pump, then pushed in quickly to atomize the 
fuel. Turn the cock OFF after priming. If the engine is warm, no 
priming is needed. No*^: Some of the smailei' engines are equipped 
with a choke instead oT^a 'priming pump. These an^.’;lnos ai*e primed by 
pulling out the choke and turning the propeller forwfird two or three 
revolutions , 

Some engines us© carburetors provided with an integral primer 
which utilizes the accelerating pump of the carburetor for priming. 
To operate, set the mixture control lever in the full lean position 
and pump the throttle throe or four complete strokes. Then return 
the mixture control lever to the fxUl rich position and pump pres- 
sure into the carburetor before starting. 

(8) Having operated the priming pump, turn the proi'^eller for- 
ward several revolutions by hand . Manual operation a,t this point is 
extremely Important for two reasons. In tlie first place, there is 
sometimes a leakage of oil into the lowei^ cylinders. II’ one or more 
cylinders are partly full of oil and the starter is laaod, serious 
damage, such as broken cylinder heads, broken pistons, cu* bent con- 
necting rods, may occur. In the second place, turning the? engine by 
hand with the switch off begins the lubrication of t;hf) cylinder 
walls before the engine starts luinnlug and furthemore if u' direct 
electric starter is used dispenses with an xumeceaaary rlruin on the 
battery. 

(9) Set the carburetor heat control In the ’’cold'* position, so 
that a possible back-fire will not damage the induction system. 

(10) Open the throttle slightly - approximately one-tenth of 
its full throw, pull ©levator control hard back, apply brakes. 

(11) Call ’’CLEAR", and see that no one is near the propeller. 

(12) If the starter Is of the direct electric type, push the 
starting button, allow the engine to turxi over on© or two revolu- 
tions and turn the ignition switch to the "BOTH" position. Note: 
These Instructions assume that the engine is equipped for magnelEo 
ignition. If the ignition system is of the battery type, turn the 
switch to the retarded distributor. It will be necessary to learn 
from someone familiar with the installation whether this is the left 
or the right. If any other type of starter is used, tux*n the switch 
first, then operate the starter. If the propeller is being pulled by 
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hand, wait for the person pulling It to call "Contact", then turn 
the switch on. If both a starter and s booster are provided, use the 
booster while the engine is being turned by the starter. 

(15) If it still refuses to start, open the throttle wide and 
turn the propeller forward three or four revolutions by hand. (Note- 
In the casG of a aeapl'ane floating in the water, the propeller'lnust 
naturally be turned by the starter Instead of by hand.) Having thus 
cleared the engine, attempt to start it without repriming and if un- 
successful, ^ begin once more, using less prime than on the first oc- 
casion. II this attempt fails, an inspection should be made to de- 
termine the source of the trouble, as outlined in the chapter devot- 
ed to "Engine Troubles." 


Summary of Engine Control Settings 


(1) Fuel Supply Cock "ON" 

(2) Ignition Switch "OFF" 

(5) Throttle Set for 700-800 r.p.m. 

( 4 ) Mixture "RICH" 

(5) Propeller (Constant Speed) "LOW PITCH" 

" (Two Position) "HIGH PITCH" 

(6) Carburetor Air Heater "COLD" 

(7) Manifold Pressure Regulator. .. .Set for take-off pressure 

(8) Oil Cooler Shutter "CLOSED 

(9) Fjdiaust Gas Analyzer "ON" 


COLD W EA THER S TAR.TING 

V'irhon tlie 'teinpe nature is below 40^ p., the oil must be heated in 
some manner prior to starting. If the oil has been drained. It may 
be heated by placing it on a stove, or by applying a blow torch to 
the outside of the can. If it is in the tanks, it will be too cold 
to drain and an electric immersion heater such 
as that shown in Pig. I must be employed. The 
engine should be turned over fifteen or twenty 
revolutions with the switch off after the oil 
has been heated and before priming, so as to 
start the warm oil flowing through the Inter - 


In temperatures lower than 10^ F. it Is 
highly desirable to heat the entire engine by 
means of a canvas engine heater. See Pig. II ^ 

This device consists of a cover which encloses 
the engine and which is provided at the bottom with a large tube of 
fabric leading down to and enclosing a small oil stove. The oil 
stove is lighted half an hour or more before the engine is to be 
started. The heat from the stove is held close around the engine by 
means of the canvas hood, and warms all parts of the engine. How- 
ever, this device does not heat the oil which is in the tanks and is 
used simply as an adjunc^“to the oil heater mentioned in the preced- 
ing paragraph. Needless to say, the gasoline should be shut off and 
there must be no leakage from the carburetor when an engine heater 
of this type is used. 

More priming is needed than in warm weather and the priming 
should not be turned off until after the engine is actually 
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rxxxinim:, it 13 rreciiuaitiy helpful to give the jminp tliroe or four 

slow strokes immeaiH,te:iy after the engine haa started. 



If additional priming is needed, 
the spark plugs may be removed and a 
few drops of gasoline poured into 
each cylinder* should be 

done sparingly as^Iie” gasoline washes 
the oil from the cylinder walls, and 
using it too freely may cause the 
piston to '’seize**, in exti'ome emer- 
gency, a mixture of SOfJ ether and 50^ 
gasoline may be used Instead of 
F’jc^Zl straight gasoline. A few drops of 

this mixture should be sqiiirted into 
each spark plug hole by means of a small oil can. However, it is 
highly explosive and should be resorted to only when ovt^rything else 
has failed, and then not without the supei'vislon of an expert mech- 


Cold weatlier starting may often 
be facilitated by removing the spark 
plugs and warming them. Probably the 
slmpdest method of accomplishing this 
is to stand the pltigs with the ter- 
minal and down and fill the shell 
with gasoline. Ignite the gasoline 
and let the plugs bum dry. Replace 
them as quickly as possible and crank 
the engine Immediately. 


anic . 


;VA.R MING UP 

No’Ee: The smaller ships frequently do not have some of the ad- 
jus tmen?i”inentioned below. In such cases, the Instructiona pertain- 
ing to those items are naturally not applicable. 

(1) As soon as the engine has definitely atarte<i, note the oil 
pressure. If, after a few seconds, less than half of the normal run- 
ning pressure is Indicated, the engine should be shut off and the 
source of the trouble ascertained. 

(2) Manipulate the throttle to obtain from 600 to 800 r.p.m. 
Great caution should be observed with respect to ’’pumping** the 
throttle, as an excess of gaa will overflow from the carburetor and 
constitute a serious fire hazard. 

(5) Set the carburetor heat control to the ’*hot" position, par- 
ticularly in cool weather. 

(4r) After the engine has begun to run smoothly open the throt- 
tle to give 800 to 1,000 r.p.m. 

(5) Set propeller to the low pitch position (if it la not al- 
ready there). 

(6) Continue to run at 1,000 r.p.m* \mtll the oil inlet tmper- 
ature begins to rise, as indicated by the oil thermometer. (The 
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various power plant instrumenta will be discussed in detail in a 
later chapter* Since the function of each instrument is plainly 
marked on its dialj. a further explanation is not considered neces- 
sary at this time.) 

(7) Increase engine speed to 1000 - 1200 r.p*m. and run until 
the oil temperature is not less than 60^ p. and preferably until it 
has reached 100^ F- However, in extremely cold weather an increase 
of 10^ P. above the starting temperature is considered satisfactory. 

Note : Some thermometers are calibrated in the centigrade scale. 
Conversion tables will be found at the back of this book. 

(8) Open throttle to specified cruising manifold pressure and 
r.p.m. long enough to check each magneto (by turning the switch 
first to one and then to the other) and the fuel and oil pressures. 
If the oil pressure drops v/hen the throttle is opened, it is an. in- 
dication that the engine is not warm enough and the speed should be 
brought back to 1,200 until the oil temperature has been increased. 
In testing the magnetos, when the switch is turned from ^‘BOTH” to 
either one, the drop in r.p.m. should be not more than 75, Check op- 
eration of propeller pitch control. 

(9) Having completed the checks outlined in the preceding para- 
graph, the throttle is closed to the idling position and the ship is 
ready for take-off. If the take-off is not to be made immediately, 
the engine should be shut off in accordance with instructions under 
"Plight Operation," 
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FLIGHT OPERATIO N 

It Is impossibla to lay down a deX'lnlte set of mles for the 
flight operation of all engines. It may readily be understood that a 
40 h.p. Aeronca engine is handled very differently fx'om a 1,600 
h, p. Wright Cyclone. There is a variation oven in th© operation of 
engines of approximately the some si?,© but built by different mam- 
facturars. Accoixiingly , it is highly dosirabl© that th© pilot or 
flight mechanic study the flight instructions In the handbook of the 
particular engine which he is using and follow them implicitly, for, 
after all, th© manufacturer of the amine probably knows more about 
it than anyone else and is certainly more int^erestod than anyone 
else in having it perform satisfactorily. 

On th© other hand, thei'o are certain general rules of operation 
which are applicable to any engine and, in addition, certain other 
practices which are followed with various engines of the same gener- 
al type. From the standpoint of flight operations engines maybe 
rouglily divided into three general classifications: tiiose of lass 
than 200 h. p., which may b© called small engines; those of 200 to 
400 h. p., or medium-sized ongines; and those about 40U h. p., which 
may be considered as largo engines. The last group may appear to 
cover an extremely wide rart-",©# since some of the largo engines de- 
velop around 1,500 h. p. However, the first groupi is usually instal- 
led in small sport planes which nr© not ordinarily provided with e- 
laborate instrument equipment; theso engines, furthennore, are prac- 
tically never supercharged. Th© second group from 200 to 400 h. p. 
are installed in th© larger sizes of privately owned planes, such as 
the Stinson, Waco, Beechcraft, etc. They may or may not be super- 
charged, but even if a supercharger la installed. Its gear ratio is 
usually low enough to poxmiit full throttle operation, temporarily at 
least, at sea level. Engines of more than 400 h. p. are almost in- 
variably supercharged and are usually install! ed in transport, mili- 
tary, or very expensive private airplanes. In sucli airplanes the in- 
strument equipment is usually much raoi’c comprehensive and also there 
are usually many more engine adjiastmonts provided for. Accordingly, 
instructions for flight operation will take into cozisideratlon the 
general class to which the engine belongs. 

SMALL ENGI NES 

iF'TTs' assumed that the engine has been wanriod up according to 
th© instructions in the preceding pages. On the smaller engines, the 
propeller is usually of the fixed pitch type and hence requires xio 
adjustment. When ready for take-off, the ship should natAirally b© at 
th© extreme edge of the down-wind side of the airport and facing in- 
to the wind. It is probable that a certain period of taxiing has 
been required to get the ship into this position. If such Is the 
case, it is desirable to recheck the engine prior to taking off, for 
both idling and full throttle conditions. The reason for checking 
the idling is that In taxiing over a rough field, sediment in the 
carburetor may be loosened and may then possibly clog th© Idling 
jet. If this jet becomes plugged. It means that the engine will 
probably stop when the throttle is closed for the glide, prior to 
landing. Such an occurrence ml^t cause trotible in case th© engine 
were needed to correct a bad landing or if some obstruction, such as 
another ship taxiing across th© runway, made It necessary to con- 
tinue flight before the landing were completed. 


An extended period of comparatively slow running may tend to 
foul the spark plugs or ”load»< the engine so that it will not func- 
tion satisfactorily at full throttle. For this reason, the full 
throttle operation should be checked before taking off. Prior to 
this final check the position of the spark and mixture controls 
should be noted. The spark should be fully advanced and the mixture 
at the full rich position. Also the position of the gasoline shut- 
off valve should be checked to see that it is fully opened, and on 
the proper tank if. more than one tank is installed. With the stick 
held hard back and the brakes locked, the throttle should then be 
opened smoothly to its fullest extent, the magnetos tested, and the 
readings of the power plant instruments noted, if there are no ships 
coming in for a landing and the control tower operator gives the 
take-off signal, the brakes may be released without closing the 
throttle and the ship allowed to take off. 

As soon as any obstructions around the field have been cleared, 
and in any case within one minute after taking off, the throttle 
should be pulled back until there is a drop of at least 50 r.p.m. 
while the ship is still climbing. After the desired cruising alti- 
tude has been reached, the airplane is levelled out and the throttle 
closed further until the engine is turning at the cruising r.p.m. 
recommended by the manufacturer, in most cases this will be about 
905 ^ of the rated r.p.m. If thermocouples are provided, the tempera- 
ture of the cylinder heads should be checked to see that it is with- 
in the limits specified by the engine manufacturer. In most cases, 
the maximum permissible head temperature is 500^ P. for one minute 
during take-off and 450® F. for cruising. The maximum cylinder bar- 
rel temperature is usually in the region of 350*^ p. At least once 
every two or three minutes the oil pressure and oil temperature 
should be noted. The oil temperature should remain above that speci- 
fied by the manufacturer, usually in the neighborhood of 70 Ibs./sq. 
in. If the pressure should at any time drop appreciably a landing 
should be made at the first convenient opportunity. If it falls be- 
low 30 Ibs./sq.in. the ship should be landed as quickly as It can be 
done safely, since there is a great possibility that engine failure 
will shortly occur. The oil temperature should not exceed 180° F. If 
it runs above this figure, a landing should be made as soon as prac- 
ticable. Oil temperature and cylinder head temperature may often be 
decreased by reducing the r.p.m. below that normally used in cruis- 
ing but keeping it high enough to maintain satisfactory flying speed. 
If a generator is installed the reading of the ammeter should be oc- 
casionally noted. If it shows a discharge, the electrical system 
should be checked at the next airport, particularly if battery igni- 
tion is being used. 

The fuel system in ships of the size being discussed is usual- 
ly of the gravity type and no fuel pressure gage is needed. If the 
system is of the type which uses an engine -driven fuel pump, the 
reading of the fuel pressure gage should be noted frequently. This 
should be, in most engines, about 5 or 6 Ibs./sq.in. In temperatures 
below freezing the carburetor heat-control should be used, particu- 
larly during the take-off and first part of the flight. The tempera- 
ture at which this control is necessary varies to some extent with 
the engine installation, but when flying In clouds or rain, the heat 
should be used if the air temperature is below 70®. Perhaps the best 
method of determining whether the heat should be turned on or not in 
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clear weather is to note how the engine behaves with the heat on and 
with it off. The position of the heater which produces the smoothest 
operation should be used in cold weather. However, under no condi- 
tions should the heater be used in warn weather, as overheating and 
consequent injury to the engine is likely to result. 

If the ship is ©quipped with a mixtures ccuitrol, it should not 
be used under 6,000 ft. in any case. Some manufacturers advise 
against leaning the mixture below 10,000 ft. Hero, again, the engine 
handbook should b© consulted. However, in general, there are two 
procedures recommended for determining where to set tills control. 
On© of these consists of leaning the mixture without moving the 
throttle until the r.p.m. will not increase norther. Tills may be at 
a point about 50 r.p.m. higher than the was turning before 
the mixture was changed. Having attained this maximum excess r.p.m., 
the throttle is then closed until the r.p.m. la reduced to its orig- 
inal figure. The other procedure consists of loaning tiie mixture un- 
til the r.p.m. drops below Its original figure and tiien rlchening it 
again until the initial r.p.m, is restored. The smaller airplanes 
are seldom equipped with exiiaust gas analyzers or automatic mixture 
controls. These will be discussed more specifically in the instruc- 
tions pertaining to the larger en^jjines. 

The handling of the engine whan a landing is to be made may 
have a pronounced effect on its maintenance and total life. When de- 
scending from altitudes above 1,000 ft., it is highly desirable to 
leave the throttle partly open. This may not give a student much op- 
portunity to judge ’’spot" landings, but will pre^vent t)ie engine from 
cooling off too rapidly, with possible valve warpage or other dam- 
age, particularly in cold weather. The throttle should be closed un- 
til the r.p.m. is approximately 1,500 during the glide. The mix ture 
control should be in the full rich position. When an aitfEucTe "of 
less than l,0oo ft. Eos 6ee“ se tie may be closed 
still further and when the 600 ft- mark has been passed, it may be 
closed entirely. For the remainder of the glide. It should be 
smoothly and gently opened aboxit half way every ten or fifteen sec- 
onds, so as to keep the engine "clear" and warm enough to "take" 
again in case - something interferes with the landing. This smooth and 
slow movement of the thi*ottla is quite important. Irx the first place 
it eliminates unnecessary abuse caused hy abruptly increasing the 
r.p.m. In the second place, in most carbxArefcors, slmmning the throt- 
tle open pumps extra gas into the induction system. This may actual- 
ly foul the motor instead of clearing it, thus defeating the purpose 
of the procedure. 

Closing the throttle tends to make most airplanes nose-heavy. 
Du© compensation should be mad© for this condition witli the stabil- 
izer adjustment. However, in some airplanes, the us© of the flaps 
offsets this nose-heavy condition and renders the stabilizer adjust- 
ment unnecessary for landing. 

A gentle glide is desirable because the engine is not cooled 
off so rapidly. Furthermore, it is extremely difficult to make a 
good landing if the approach is too fast. Side-slipping is also 
likely to be detrimental to the engine if not completely cowled or 
If short stacks are used instead of an exhaust ring or manifold. 
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This is particularly true in the case of line engines, as a side- 
slip tends to blow cold air into the exhaust pipes and directly upon 
the hot exhaust valve. Obviously, the steeper the slip and the lower 
the forward speed of the airplane, the greater the effect upon the 
valves. However, most modern ships provide complete cowling and ex- 
haust nxanilolds, so that this point is not of great importance. 

The opinions of different manufacturers vary with respect to 
the procedure followed in shutting off the engine. However, the fol- 
lowing will, in most cases, be found to be satisfactory: After the 
airplane has been taxied to the position where the engine is to be 
shut off, the throttle is closed and the engine allowed to idle at, 
or near, its lowest idling speed until the cylinder head tempera- 
tures have dropped to 300° - 550° F. The switch is then turned off 
and the gasoline shut-off cock turned to its closed position. If 
there is '^after-f iring” turn the switch on again immediately and al- 
low the engine to cool still further. In the case of a seaplane, it 
may become necessary to shut off the engine while the ship is moving 
through the water. To eliminate the possibility of after-firing, the 
airplane should be taxied very slowly for several minutes before 
turning off the ignition. If the engine continues to kick over it 
may usually be stopped by opening the throttle wide after the switch 
has been turned off. After-firing is ordinarily caused by hot carbon 
in the piston or cylinder head, or by the cylinder head itself being 
extremely hot . Opening the throttle abruptly with the switch off 
causes a large amoxint of cold air to be sucked into the cylinders so 
that the temperature of the heated parts is reduced below the point 
where combustion will be caused. Furthermore, the period of slow 
idling tends to cover the cylinder walls with oil which, is cooled 
sufficiently, especially when the throttle is opened as described, 
to prevent its running off. This Insures adequate lubrication when 
starting the engine again. Careful treatment in shutting off an en- 
gine la almost as important as proper warming up when starting. 


MEDIUM- vSI ZED ENGINES 

Prac tic. ally all of the operating rules given for the smaller 
engines also apply to engines of this medlxmi class. However, there 
are additional items to check, in the first place, many of the ships 
in which these engines are installed are equipped with controllable- 
pitch propellers of one type or another. When such propellers are 
used they should be set to the low pitch position before beginning 
the take-off. Some engine manufacturers permit the propeller setting 
to be such that the normal rated r.p.m. may be exceeded for one min- 
ute. Ordinarily this means approximately 200 additional r.p.m. How- 
ever, the instruction book should be consulted to determine this 
maximum permissible r.p.m. 

Most of the airplanes in which motors of the size under discus- 
sion are installed are equipped with manifold pressure gages, if the 
controllable-pitch propeller is used, this Instrument is essential. 
The maximum permissible manifold pressure is usually noted by marks 
on the instrument, a card in the cockpit, or both. The limits usual- 
ly consist of one maximum for one minute after taking off and a low- 
er maximum for cruising. In the case of unsupercharged or sea-level 
engines, the maximum for take-off is usually in the region of 28 
inches of mercury (ordinarily written 28« Hg.). The maximum for 
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cruising up to 2,000 ft. is around 25" or 26" ilg.; for cx'uising at 
4,000 ft* 23" Hg.; and for cinilslng above 6,000 ft. 21.5" Hg. How- 
ever, the proper pressure siiould be obtained fr-oiu tiie engine numu- 
facturer. 

After cruising altitude has been reached and the siitp h/is been 
levelled off, the manifold x'l'^'^asure should bo regulated by proper 
adjustment of the throttle and the propeller pitch if a controllable 
propeller is used, or by the throttle alone if the jiropoller is of 
the fixed pitch type. It may be remembered in this connection that 
for a given r.p.m., the lower the propeller pitch, the lower wil) be 
the manifold pressure. The manifold pressure Is the best Indication 
of the load on the engine and many manuf actuiH‘rs permit their en- 
gines to be run continuously at the maximum rated provided 

the manifold pressure is kept within the proper limits , In fact, it 
is claimed by some that with a given manifold pressui'e, there is 
less abuse on the engine at a fairly high r.p.m* wltii a i ow pitch 
propeller, than at a lower r.p.m. with a high pitch propeller. When 
a manifold pressure gage is Installed the tachometer assumes a posi- 
tion of relatively minor importance, provided the rated r.p.m. is 
not exceeded. The propeller pitch and the throttle setting sl.ould be 
so adjusted as to obtain the maximum airspeed with the permitted 
manifold pressure. 

In engines of this class the instructions for throttilng during 
the landing glide are the same as for tiie small engines. With re- 
spect to shutting off the engine. Instructions vary with the make* 
For example, the manufacturers of the Lycoming recommend that the 
throttle be closed gradually to normal idling position, the ignition 
switch cut, and as soon as the engine begins to lose r^peed, the 
throttle fully opened. If after-firing occurs, the mlxtiira control 
is moved to the full lean position. The maruif acturers of the Jacobs 
engine recommend idling the engine for appiuxlmately five minutes or 
xuitil the cylinder head temperature has dropped to appi'oxlmately 
360^ P. and then cutting the switch. The Wx'ight Company recommends 
that their Whirlwind engines be stopped as fonows: Close the throt- 
tie until the engine is turning about BOO r.p.m. and run at this 
speed until the cylinder heads have cooled to approximately 300*^ F* 
The propeller is then shifted to high pitch cmd as soon as the 
r.p.m. begins to drop, the mixture control is moved to the full lean 
position. This shuts off the gas and the engine will stop filling, 
after which the ignition switch should be turned to the "OFF" posi- 
tion. The throttle should not be opened to cool off the angincu To 
prevent possible accidental starting the mixtuxH) control shoxild be 
left in the lean position and the switch, of coui‘sa, off. 

LARGE ENGINE S 

Engines in this class are almost invariably supercharged and 
also usually equipped with either controllable-pitch or constant 
speed propellers • The airplanes are ordinarily provided with all the 
instruments necessary for proper detemlnation of conditions in the 
engine* There are thermocouples on the head and base of several cyl- 
inders - frequently of all the cylinders - a selector switch being 
installed so that the temperature of any cylinder head or base may 
be readily determined. Exhaust gas analyzers and carburetor intake 
air temperature gages are usually supplied. Carburetors are fre- 
quently equipped with automatic mixture control. 
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Many of the larger engines are designed to develop their full 
power only at altitude, in these the impeller is turned at a higher 
speed and the throttle lever is equipped with a stop so that it can- 
not he inadvertently opened past a certain point. By pressing a re- 
lease button or some other device of a similar nature, the throttle 
may he opened the rest of its throw. This should he done only at the 
proper altitude. Some engines are provided with a two-speed impel- 
ler, the low gear ratio being used for low altitudes and the high 
gear for high altitudes. 

On these larger engines the mixture control is extremely im- 
portant, partly because it exerts a marked effect upon the operation 
of the engine and partly because, due to the relatively large quan- 
tities of fuel which are used, economy of consxxmption becomes an im- 
po3rbant item. It should always be boivie in mind that improper use of 
the mixture control, even if for only a few minutes, may completely 
ruin the power section of an engine. If the mixture is too lean, the 
engine will over-heat and the pistons and valves will be damaged; if 
the mixture is too rich, the engine will run rough and will use an 
excessive amount of gasoline. The Pratt & Whitney Company explains 
the use and effect of the mixture control as outlined below. 
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"BEET FO’.VEH," The mixture should nevcM' be leaned ao that the r*p,m, 
dropfi more than 10 belov/ tiio maximum. 

The Pratt tH- ’.vhltney Comjvinv recoimnend that the mixture control 
be readjusted Tor v:\Cii l,OcK) i‘t* chanp;e In nl t itu.,.i(.» , F<')r tnkt3-off> 
climb or lanulna, at, or neai', sen level, the mixttire control should 
be in the full rich f^oaltlon and also at any time at whicii more than 
75:j of tho. rated power is bclru' taken from the engine. This x^ule may 
be violated at extreme altltudea, under which condition the mixture 
may be leaned just enough to obtain smooth inninlng. At 65,1 to ?5)’i5 of 
rated power tiio mixture contx^*ol may be leaned diad^ng level flight to 
"idcli beat power." Below ub;i! of i‘ated power the mixture control may 
be leaned during level fllplit to "lean beat power." However, since 
there are so many variables in the av6ra/?;a flight, tlie mlxtui*e con- 
trol s<3ttinga should be checked fi’-equently to make siire that tiie en- 
gine Is not xnxnning too loan, especially if bherfi is any chfmge in 
altitude, temperature or throttle setting. 

When the engine is equipped with an automatic mixture control 
the proper mixture is automatically taken care of under most condi- 
tions. However, too nomal manual mixture control is also installed 
in case of bx\j failure of the automatic \mlt. In the full power po- 
sition the carburetor functions independently of the automatic unit 
and if it is desired to obtain better fuel economy the manual con- 
trol may be operated- In the mid-position, the power is limited to a 
predetermined range and the correct mixt^u•^ for that range is sup- 
plied. The Pratt 6c V/hitney Company recommend that where a constant 
speed propeller la used, the throttle sliould be left open and the 
engine r.p.m. reduced by means of the propeller contxa,>l. The carbu- 
retor air Intake temperature must be maintained at 90^^ to jua^vunt nn 
excessively lean mixture. This mid-position is nomal iy used for 
climb and in some instances for high power cruising. E ?r nurmal 
cruising the cockpit control of the automatic mixture devlc^' Is mov- 
ed to til© cruising position. Her© also the throttle should bo left 
open and the r.p.m. reduced to the prodetoxinined maximum by means of 
th© propeller control, as this obtains maximum fuel economy. 

The following instructions are given by tlie Wright Aeronautical 
Corporation for the flight operation of their Cyclone onKines, in 
general these Instructions will apply also to any of the large ra- 
dial types. 

Take-off - It is important to remember that during take-off and 
climb, if icing conditions- are indicated (by an unwarranted drop in 
manifold pressure), the carburetor heat control must b© adjusted to 
maintain temperatures as follows: 

(a) Strombarg carburetor - mixture temneratur© of 35^ F. 
(maximum) or intake air temperature of 90^ (MoximTom). 


(b) Chandler-Groves or new type Holley carburetor - Intake 
air temperature 35^ F. (Maximum). 

Before itiaklng this adjustment, riohen the mixtur® (if it is not 
already full rich) . Then, after the heat la adjusted, readjust the 
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mixture in accordance with inatructions given under the various 
flight conditions, 

(1) With controls set as specified in the summary at the end of 
the section on "Warming-Up^', open the throttle against the stop, (Do 
not start take-off with cylinder head temperature above 400^^ F* or 
below 250^^ P.) Note ; In case of failure of supercharger pressure 
regulator, the “'-bhrottle can be opened full by moving the throttle 
lever beyond the throttle stop on the quadrant, 

(2) After not more than one minute (five minutes in emergency) 
throttle back to rated or cruising power for climb. 


Rated Power Climb - Adjustments (1) and (2) which follow must 
always be made in the order given , never the reverse. 

(1) Adjust manifold pressure to that specified for rated power 
as follows: 

(a) If automatic manifold pressure regulator is installed, 
use control for same, leaving throttle against stop* 

(b) Lacking automatic regulator, retard throttle* With in- 
crease of altitude, throttle must gradually be opened until 
at critical altitude it is fully open* 

(2) Adjust r*p.m. to that specified for rated power as follows; 

(a) With constant speed propeller, set control at rated 

r.p.m. 

(b) With two-position controllable-propeller, leave in low 
pitch until r.p.m. is exceeded, then move to high pitch posi- 
tion. 

(3) Adjust mixture as follows: 

(a) Chajidler-Groves carburetor - leave full "RICH." 

(b) Stromberg carburetor - lean out until indicator on the 
exhaust gas analyzer dial coincides with the existing mani- 
fold pressure* 


Gruialng Power Climb - 

(1) Adjust manifold pressure to the value specified for cruis- 
ing using the same procedure as for rated power climb. 

(2) Adjust propeller to give cruising r.p.m. using the same 
procedure as for rated power climb. 

(3) Adjust mixture as follows with either carburetor; Lean un- 
til indicator on exhaust gas analyzer dial coincides with the exist- 
ing manifold pressure. 
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Level at Rated Power - Under icin^ conditlona, adjust 

carburetor air neat as directed -arider *^Take~off.” 

(1) Adjust manifold pressure to that specified for rated power 
as follows: 

(a) If aiitomatic manifold pressure regulator is installed, 
us© control for same, leaving throttle control lever against 
atop, 

(b) Lacking automatic regulator, use pilot*© throttle con- 
trol lever. 

(2) Adjust propeller as follows: 

(a) With constant speed propeller, set control at rated 
r.p.m, 

(b) MXth two-position controllable propellei* sot in iiigh- 
pitch position. 

(3) Adjust mixture as for rated power climb. 

Level Flight at Cruising Power 

(1) Adjust manifold pressure In same manner as for level flight 
at rated power except adjust to cruising manifold pressure. 

(2) Adjust propeller as follows: 

(a) With constant speed propellftr, sot control at cruising 

r.p.m. 

(b) With two-position controliabie propeller, e<jt in high- 
pitch position. 

(5) Adjust mixture as for cruising power climb. 


Descent for Landing, to About 500* Above klrp oTt - 

(1) For descent at rated power, no change in controls from lev- 
el flight at rated power need be made except that with Strombarg 
carburetor it is necessary to riohen the mixture during descent, and 
without an automatic manifold pressure regulator it is necessary to 
close the throttle gradually as reqtilred to maintain specified rated 
pressure. 

(2) For descent at cruising power, no change need be made from 
the setting of propeller control, Chandler-Groves mixture control, 
or automatic pressure regulator for level flight at cruising power. 
Lacking an automatic regulator, use the throttle control which must 
be gradually closed as altitude decreases. 


With stromberg carburetor, rlchen the mixture during descent. 
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(3) Under icing conditions, adjust carburetor air beat as nec- 
essary to maintain temperatures noted under "Talce-off Always rioh- 
en mixture before reducing heat. 

At 500' Above Airport, Preparatory to Landing - 

(1) Move manual throttle control lever gradually toward closed 
position and set propeller at low pitch or take-off, 

(2) Set manifold pressure regulator control for take-off pres- 
sure and use manual throttle lever to control engine. 

(3) Set mixture control full rich with either type carburetor. 

(4) Set carburetor air heater in "cold" position except under 
icing conditions, when setting is left as for descent. 

Caution ; If subsequent emergency arises requiring full emer- 
gency power, turn control to cold position immediately after opening 
throttle. Then adjust heat control as necessary to maintain the tem- 
peratures noted in the instructions under "Take-off." 

Stopping the Engine After Landing - 

(1) Idle at 600 - 800 r.p.m. until cylinder head temperature 
drops below 300® P. (If absolutely necessary to stop engine before 
properly cooling off, engine should be stopped while running at 
1,000 - 1,200 r.p.m.) 

(2) Move mixture control lever from full rich to full lean 
(fuel shut off) position. Engine will stop in a few seconds. 

(3) Turn ignition switch off after propeller stops turning. 

(4) Turn exhaust gas analyzer off. 

(5) Do not move propeller until engine is thoroughly cooled . 



CHAPTER 6 

CARBURETORS AND INDUCTION SYSTEMS 

CAHHUKET ORS 

The follinvlng diecuaslon of earburotors is written with the as- 
suiriptlon tliat the mechanic unci t a* stands tlie basic iunctions or these 
mechanisms and their relationship to the engine as a whole. If these 
functions arc not entirely clear It is advisable to review them by 
referring to chapter II. 

Modern aii'^craft engine carburetors arc designed to be efficient, 
reliable and comjjact and as a result tliey appear to be complicated' 
devices with many intricate passages and elaborate accessories. 
’.Vhile it is true tiiat some of tho large carburetors do present a 
formidable appearance they are, nevertheless, easy to understand if 
the principle and purpose of each division or system is inspected 
separately to ascertain why it is needed and how it affects the en- 
gine. It is impossible to overemphasize the importance of actually 
understanding the theory of carburetion and not merely the mechanic- 
al functioning’; of one ’or two types of carburetors. Only by posses- 
sing such a basic knowledge can one become an expert mechanic, as it 
is probable that the proper operation of the engine depends on the 
carburetor more than on any other single Item. 

The best way to imderstand any carburetor is to disassemble it 
and trace the flow of the fuel from the inlet opening through each 
of the fuel passages and through each of tiae systems to its ultimate 
discharge into the intake manifold. It is often difficult to trace a 
passage that is drilled throiigh some portion of the body, but by 
blowing Into one end of a passage the other end can be located 
quickly. This procedure is greatly simplified by using a small diam- 
eter rubber tube or a soda straw. If any difficulty is experienced 
in understanding the action of any part it is sometimes helpllil to 
make a large-scale rough sketch of the part and its relationship to 
the rest of the system- Then, in attempting to analyze its function, 
ask yourself the following questions: Does fuel or air flow to the 
part? How does it get here, where does it go, how does it go, when 
does it go and what mokes It go? Obviously, if you can learn the 
answers to these questions you will understand the purpose of the 
part. The carburetor manual should be consulted if available. 

Strainers - Evan though 
there are one or two strain- 
ers in the fuel line, most 
carburetors are provided 
with strainers of their own, 
which serve as sui additional 
safety precaution to prevent 
the entrance of any dirt or 
water. It is essential that 
all fuel that enters the 
carburetor proper be abso- 
lutely clean, as even the 
smallest grit or a few drops 
of water may cause mal-func- 




CARB URETORS ATO INDUCTION SYSTEMS 


153 


tionlng or complete stoppage of the carhuretor, often resulting in 
engine failure. 

The strainer system usually consists of a water trap and a fil- 
ter similar to the one shown in cross section in Fig. I. The filter 
in this illustration consists of a fine mesh wire covering a cylin- 
drical frame. The screen usually has approximately 120 meshes to the 
inch, which malces the openings small enough to retard the passage of 
water but still large enough to admit gasoline readily. This screen 
also filters out most of the foreign particles that escape the fuel 
line strainer. The fluid that passes through the screen does not en- 
ter the float chamber passage directly, but must first reach the 
level of the top of the standpipe, and inasmuch as water, grit, etc. 
are heavier than gasoline, these foreign elements tend to remain on 
the bottom, so that only clean fuel enters the standpipe. 

The strainer should be drained and the filter cleaned at fre- 
quent intervals to prevent any accumulation of water and dirt. It is 
not sufficient merely to drain the chamber for two reasons. First, 
any foreign matter which is inside the, strainer will not be removed, 
and second, the screen may be suf f i ci ent ly clogged to prevent proper 
passage of fuel and if such is the case, draining the chamber will 
not remedy the situation. It is especially important to clean the 
strainer before every flight that is likely to include any violent 
air maneuvers. Such maneuvers agitate the contents of the strainer 
chamber so that any accumulation inside the screen may be admitted 
into the standpipe and consequently to the carburetor proper where 
it is likely to cause trouble. 

Cleaning the Strainer - There are many types of strainers, 
therefore it is impractical to give the exact procedure to follow in 
each case, however the following general rules are applicable to 
most types; 

1. Make sure that the fuel supply to the carburetor is off . 

2. Remove the strainer cover and the strainer. 

3. Drain the strainer chamber. Note.: If any water is discovered 
in the chamber an immediate investigation must be made to ascertain 
the cause. 

4. Replace and safety the drain plug. 

5. Inspect the filter to see if any particles of rust, fabric, 
rubber, or other foreign matter are present. Rust particles may in- 
dicate that the fuel tank is rusting (if it is made of teme plate 
or some similar material) or it may mean that fuel which is put into 
the tanks is not clean. Bits of fabric or rubber may be from some 
deteriorating hose connection. 

6. The strainer screen should be cleaned by rinsing it in clean 
gasoline and cleaning with compressed air. If this does not dislodge 
all the accumulated dirt, the process should be repeated. Never at- 
tempt to clean the screen with a wire brush or any tool that may 
damage it. A stiff, short bristle brush, such as a toothbrush, may 
be used satisfactorily. 
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7. Replace the strainer carefully, making sure that it is in- 
serted in the correct position. 

8. Replace and safety the strainer chainbtir cover. Note: if a 
lead gasket is used. Inspect both sides of It before n^pTficTrvr, as 
any particles of sand or grit that may be imbedded in the lead! will 
often prevent It from forming a tight seal. 

9. Turn the fuel on and test the covei* and drain plug for any 
indications of leaks. if the f\wl system Is oV the pressure type, 
the hand wobble pump should bo operated until full pressures is indi- 
cated by the fuel pressure gage before the Inspection Is made. 

Float Mechani sma - It is essential that the fuel within the car- 
bure't o r”"di ^ zzle be kept at a constant level in order to in- 
sure a consistent fuel-air ratio. This level is most easily main- 
tained by connecting the dispharge nozjcle directly to a constant 
level reservoir. Moat carburetors emj^Ioy tho use of a float-valve 
mechanism to regulate the fuel admitted to tills reservoir, or float 
chamber, as it is called. By referring to Fig. I tho details of a 
typical float mechanism and the relationship between its various 
parts will be clearly seen. In this illustration tho float is seen 
in the position It assumes when the fuel has reached the level Indi- 
cated by the straight dotted line. It will be noticed that In this 
position the float arm, raised on one end by tho buoyancy of the 
float, exerts a downward pressure on the needle valve at tiui other 
end. When the needle valve is in its down position. Its tapered 
point is pressed firmly against the needle valve seat, preventing 
further fuel from entering the float chamber. As tho fuel level in 
the float chamber is lowered the float descends, r^aialng the needle 
valve and permitting additional fuel to flow into the chamber*. With 
no fuel in the carburetor the float descends to the position shown 
by the dotted line, leaving the needle valve open. ActualFy, when a 
constant drain is being made on the fuel in the float chamber, the 
float does not alternately open and close the needle valve, but as- 
sumes an V intermediate position whereby the needle valve opening is 
Just sufficient to supply the required amount of fuel and keep the 
level constaht. 

The correct float level varies with different carburetors so 
that It is Impossible to state Just what the level should be; howev- 
er, this information is usually printed on a metal tag attached to 
the carburetor bowl. The float level la given in fractions of an inch 
from the parting surface. The parting surface, or the Joing be- 
tween the upper and lower halves of the carburetor. Is of course, a- 
bove the float level, consequently the measurement must be made from 
this surface down to the level of the gasoline. 

Measuring Float Level - To determine the float level when the 
carburetor Is di sas aembleS ’ the lower half should be securely braced 
or fastened in a level position. It Is important that the bowl be 
exactly level In both directions, as otherwise an accurate reading 
cannot be obtained. After the carburetor bowl is In position, fuel 
should be introduced into the float chamber through the fuel inlet 
passage. Some device should be arranged so that the same pressure is 
exerted on the fuel as would be done were the carburetor Installed 
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on the engine « For example > 
if the airplane is equipped 
with a fuel pressure system 
and the gasoline is forced 
to the carburetor with a 
pressure of 3 Ibs./sq.in., 
this pressure should also 
be used for introducing the 
gas when testing the float 
level. One of the simplest 
ways of making a satisfac- 
tory device for obtaining 
experimental pressure feed 
is to assemble a small air 
pressure tank, as shown in 
Pig. II. After it is at- 
tached to the carburetor 
the pressure in this tank 
is increased by means of 
the hand pump until the 
correct pressure is obtain- 
ed, as indicated on the air 
pressure gage. Another method of obtaining the correct pressure is 
to connect a long vertical tube by a short piece of hose to the car- 
buretor inlet. The gasoline is then poured into the vertical tube 
until a head corresponding to the correct pressure is obtained. For 
example, to produce a three-pound pressure, a head of 117" is re- 
quired. 

After making sure that the carburetor is in the level position 
and that the correct pressure is applied to the fuel, the fuel level 
may be checked by measuring the distance from the parting surface to 
the fuel. It should be remembered that this measurement should not 
be taken adjacent to the side walls or any other part of the bowl, 
as capillary attraction causes the fuel to rise slightly at these 
points. The correct method is to place a straight-edge across the 
parting surfaces and, using a steel scale, measure the distance from 
the straight-edge to the level of the fuel at some’ unobstructed 
point . 

The fuel level can also be measured while the carburetor is as- 
sembled by means of a glass stand pipe. The general procedure in 
this case is similar to that described above. The stand pipe con- 
sists of a vertical glass tube of one-half inch diameter or over, 
which has been connected by a short length of rubber hose to the 
float chamber drain opening. The carburetor is levelled and gasoline 
under the correct pressure is admitted until the fuel in the float 
chamber has reached its maximum level. The fuel level will now be 
indicated by the level of the fuel in the glass tube. It is some- 
times difficult to obtain a true measurement from the level of the 
fuel in the stand pipe to the parting surface of the carburetor. 
This may often be done by checking both measurements with a surface 
gage from a level surface plate below the carburetor. 

If the level of the fuel in the float chamber is too high, there 
will be a correspondingly high level in the discharge nozzle. In 





11h3 


thlr wneii tru- j.;i 1.,^- „ I j j, be 

drvwn in‘;o cyiiiKii.::', 'iv'iiui t.i in ■■ ' / ; r* inml ; r in 

fi.Ml conlf,.‘nt or, ar it U> f^vncvnll^s n _;;io.o :::;i /: to. Cini-- 

veiao.ly, if the fut?.l ia tcu'» jow m .i'^ar, ?. I i I 

ft,»r auction will uu ri•n\\ivv^{ to» fixva.v liud iiari f,iu‘ dis« 

ci!‘'..r-"e riorir<le. Sli-scr c otrJ Itior will Hii’r.M. mI'!' ' ,.^1 i,.'T ; roper 

ruiriliry ot' tdie err.irio an-.; ohs'o.id ho c orta ■>: t*'o: i-- 'd : • ua t. : ar' t.. *■' rioat 
lev{‘l. ia'Vt.ai. ro‘iCh<^d by to** i um t ,•■ I’oa.t r; a" 

r»?n.,ia raair.'Wiint; ur'.u'. tine a i. !‘i t'. o.ra.vWvy ^ a- loa'o, htjlrig 

alle'htly iii*'’','ro'r a;-. tn»' iuai la I’roti-'." ar.- ■ air*' o-* '..r - rM;t;nar '0 or 

horid a.t the eaiiuHii^otor l:i,lrt. :’:,r« i.-r-o ?• •• •*., rrM-ait a M-'orotora 
’■n^e rot at the raei.i-r*;; at* thai. Ota* iMto.t vaiv^o; w:;. 'o.'rat.f* proper- 
ly jrri uold tiio j, ' ,: vt: i autiMci. utjy dor* .vita I'.oola. a' ijotween 

oo^'^ and 76^' Hnumt; ^^.rnvity , a |.>ef‘.l i’i(^ riv-sv' t ;; .’/eo tr^ inin- 

ninr, .lovoi la uaiiully about i/b" ooluw t.n»! a t. and;! :r- o‘V*-,i and th© 
vibr'd;! n beena tae t'uel aola;'u;UM- o* .fio 1 d** :’ah I y a:*C'-vr loir .irVi-j. 

*“ -^«'Ve; of* fliu ruoX in th© 

i’loat 0 io.;,':!ln‘r va?'iea iaor'O t.aan l/lu*' I’r'er' teat ra.'Cunii.tauhHi by the 
nianuraoturei* it siKni.ld be caanpyai acoor’hn- * ‘ri;; la. uaua.1 ly" dune 

by varyliiy; tlr; taicknovsa of* ahlm .var.ii-u'a ni 'oan'oti. t ,o- nfO‘di,<; valve 
r><iat aaaembly. IT tliv ritM*dlu valve niuV'*a. i v/n.vai'd t.t* cioao htit; seat 
t. 0.0 i'uol level may be raiand by I(iw*.;rlny t arrt.. It* tfic neetile 
valve moves upvvfu‘d to cloao t.he atoat iont. l^vri may be i*a:l seel 

by raisln/;i; trie seat, in oltnci* case the adjuatment. ,! a ciade Inj remov- 
ing; some 01* tno l.'uriinated snim vvarliero bfd.woun Ida* titoniiu valve; seat 
assembly and its base. A.a varluua typte? o cHrI'Ur<d;or:i 'aavo various 
lork.^tiU'. of float arms It is lmpoaaU)io tt.j rd.at*- tia* exard; relation- 
ship between tn© thickness of the shim atid tne Incronat; or da-ci’ease 
of the float level. Normally, tdie addition ot' n l/a,i4'' juilm washer 
will de.crcare tiro float level airp-roximatoly b/u4‘T 

?he followinp!; discus a.ion oi* tht* thuo ry, funct.ie*:)^ Inapuction 
and overhaul of th© v.aiTous parts of tlio cnrrnir'ot.rir apriiica more 
specifically to the Stromburp’; carburetors. Tt la rrpr1nt.<Hj. from the 
Strombeid’; Carburetor Manual by the courtesy of Heudlx htroiubrrp' Car- 
buretor Co, 


BASIC PHTN CJl LIT OP .,AT KCihVi*T ,C AiUd-^ l-dMui 

I'l-ii ln >tet ju-^«.T _?jro h\rp* '’iVie’eri f ’''{ivirilrr ':/eih:ri,n|t hystoin) It Is 
gonei*aIly belie v<>d tlnit’ a' ’slmp.l,'H ' plain i‘utd, .itd. In a carburotor air 
opening, of fixed sis^o tends to deliver a conthiuuusly richer mixture 
as the engine suction and air flow increase, but thin Is not accxz- 



ActUrn ul ptain gjn*'©- 

hufl ;«?( itt hw MC- 
tiong. fifotf iu«l 
mdb^ring to tip of 
noxxh. 



Pig. I 


Kic', . 


tl 



CARBtJREa’O RS AND INDUCTION SYSTEMS 


157 
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BLEED" princi- 
ple, giving a ffne- 
ly divided emul- 
sion, and reduc- 
ing the retarding 
effect of lifting 
the liquid above 


Pig. Ill 


Pig. IV 


rately true. Under the suctions of medium and high engine speeds, as 
carburetors are now built, a plain jet will give a fairly uniform 
mixture; but coming down to low speeds and suctions, the jet deliv- 
ery falls off very markedly in relation to the air flow. This is due 
to the fact that some of the suction force is consumed in raising 
the fuel from the float level to the jet outlet (to avoid overflow 
with motor not running, the jet must necessarily stand a safe dis- 
tance above the fuel level), and in overcoming the tendency of the 
fuel to adhere to the jet tip. At low suctions, the discharge from a 
plain jet is as shown in Fig. I with the fuel clinging to the metal 
of the jet and tearing off intermittently in large drops. The dis- 
charge from a plain fuel jet is, therefore, retarded by an almost 
constant force, which is insignificant at high suctions, but which 
perceptibly reduces the flow at low suctions. 

"The application of the >Air Bleed ^ principle in overcoming this 
difficulty is shown in the accompanying illustrations. Pig. II shows 
a familiar instance of how suction may be great enough to lift a li- 
quid above its level, without drawing any of it away. Now if a tiny 
air hole be pricked in the side of the straw above the liquid sur- 
face and the same suction applied as before, bubbles of air will en- 
ter the straw and the liquid will be drawn up in a continuous series 
of small slugs or drops, as shown in Pig. III. 

"Such a construction is not quite suitable for a carburetor jet, 
as there is still a distance through which the liquid must be lifted 
from its level, before the air begins to pick it up; also the free 
opening of the straw at its bottom prevents very great suction being 
exerted on the air bleed hole or vent, just as too large an air 
opening in proportion to the straw size would reduce the suction a- 
vailable to lift the liquid. A modification to take care of these 
points is shown in Pig. IV, in which the air is taken in slightly 
below the liquid level and a restricting orifice placed at the bot- 
tom, with the result that a finely divided emulsion of air and li- 
quid is formed In the tube. 

"The construction just described, when incorporated into a car- 
buretor jet, takes the form shown in Pig. V. Such a jet tends to 
give a substantially uniform mixtxire under steady speed throughout 
its range of operation. The mixture proportion can also be modified 
for high speed * and low speed as desired by the proper selection of 
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the dlinansiona of the air bleed and emulalon rharmela. 

''The Ventnr l Tube - It is a fortuxiate nn<i usefxil result of nat- 
ural lawsnEEaF^oth tHa air flow throuf'ih an op<,n)lnp; of fixed size 
and the fuel flow through an ’air bleed jet» syatem reapond in sub- 
stantially equal proportion to changes of auction (within the i^ange 
of air velocities used In the carburetor). To maintain an approxim- 
ately uniform mlx:tura proportion throughout the powt^r range of an- 
gina operation, it is only nacesaary that the »air bleed Jet* and 
metering air opening bo exposed to the engine auction In the same 
degree, which condition is obtained by locating the fuel jet outlet 
in the center of a definitely formed air no 7 ,i^, 3 o or venturi tube 
(sometimes called the * choke*), as shown in Fig. V, both being on 
the atmospheric side of the throttle valve. 

"The venturi tube has another use than this, however. As pre- 
viously stated, full power output from the etiglne requires that the 
manifold suction or partial vacuum above the throttle be Ijetween .4 
and .8 pound, at full engine speed, when the suction below the 
throttle valve is the maximum. From the staxuijjoini of metering And 
spraying the fuel, it woiad be desirable to use a suction stivtiral 
times this. It has been found that both these riKpri rumen tjr can be 
complied with by the use of the peculiarly shaped nir paaange of a 
venturi tube, consisting of a reduced or constricted central portion 
with a smooth round entrance and a gradually tapered (mtiet, with 
this it is possible to obtain, on a jet located Ixi the central por- 
tion, several times the suction existing ixx thei intake pasaago be- 
yond the venturi tube, and thereby malxitaln n low manifold vacuum 
with a high fuel metering suction. 

"As the venturi tub© constitutes the limitation of air capacity 
of the carburetor, it la mad© in different sissea which may be sel- 
ected according to the requirements of the engine to which the car- 
buretor Is fitted. The size is usually ©elected sx^ch that at normal 
full speed and load, there will be a meax; air velocity (during the 
suction stroke) of 300 feet per second through the throat or narrow- 
est part. This air velocity should correspond to a mean partial vac- 
uum at the mouth of the carburetor, with throttle full open, of 
about 16 inches water during the suction stroke with the carburetor 
supplying four or more cylinders, 12 inches when supplying three 
cylinders and 4 inches when supplying one cylinder. 
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Accelerating well with main 
discharge jet and idling 
passage. 



Accelerating pump oper- 
ated by throttle with main 
discharge jet and idling 
passage. 


\ 




Needle valve economizer 
operated by throttle, with 
main discharge jet. 


Fig. VII 


Pig. VIII 


Pig. IX 


“ The Idling System - The structure of Pig. V does not entirely 
meet the requirements of carburetor service because at low engine 
speeds the air flow does not have sufficient force to carry the fuel 
from the jet to the throttle valve. As shown in Fig. VI a bypass or 
idling passage is provided to carry the fuel up to the throttle 
valve and intake manifold when the main jet suction is weak. This 
bypass system is practically independent of the main jet metering 
system and only controls the fuel metering at low engine speeds when 
the main jet suction is low. As this suction increases fuel will be- 
gin to deliver from the main system and the delivery from the idling 
system will decrease. 


“ The Accelerating System - It. will be obvious that quick changes 
of engine speed and throttle position would involve rapid reversals 
to fuel flow through this idling system, tending toward temporary 
periods of lean mixture. It has been found that these may be avoided 
by the use of an 'Accelerating Well' (see Pig. VII), which is merely 
a downward extension or enlargement of the air bleed passage. The 
depression or suction in the central channel is always greater than 
in the outer 'Well* chamber, and any increase in suction on the main 
jet results in a lowering of the level in the well chamber. The vol- 
ume of fuel thus displaced temporarily supplements the fuel deliver- 
ed through the metering orifice, covering up any lag in either the 
idling tube or main jet passages, and gives a rich mixture when the 
throttle is opened quickly from low speeds. On engines with long 
manifold passages operating under cold weather conditions, greater 
quantities of fuel than that supplied by the accelerating well 
around the main discharge nozzle are required, and a pump operated 
by the throttle is used. This pump, as shown by Pig. VIII, is loca- 
ted in the float chamber. As the throttle is opened the sleeve is 
depressed, forcing fuel through the connecting passage, and out the 
main discharge jet. A restriction in the connecting passage limits 
the quantity of accelerating charge pumped. 

“The Economizer system - As explained previously, it is desira- 
ble to have a lean mixture for maximum economy at part throttle or 
cruising speeds, and a much richer mixture for maximum power and the 
cooling effect on air-cooled engines, at full throttle. In order to 
obtain this change in mixture ratio as the throttle is opened var- 
ious forms of economizer systems are used. These in their present 
form are in reality enrichenlng devices. The arrangement shown in 
Pig. IX consists of a needle valve, which is opened by the throttle 



160 


AIRCRAFT I-:NGIH E MAINTENANCE 



rtutt'il i‘'V thiott*r With 
'irt 

Ft:li !hi\-fi!r. 


ffuftfil tty (hiotfty 
iltaitf .ft Pgft 

tht.KtSe (,iu:xinei 


Flp;. X 


Fig. XI 


at a predot errriinad throttle position, and permits a (juantity of l\ial, 
In addition to that fimiished by the main metering syatom, to mix 
vsrith the air in the carburetor. Fig. X shows a piston type aconomiz- 
er also operated by the tiii’ottle. The lower piston acts as a fuel 
valve, preventing any flow of fuel through the system at cruising 
speeds, while the upper piston acts as an air valve, and pennlts air 
to flow through the separate economizer discharge nozzle at part 
throttle. As the throttle is opened, the lowta* })lston uncovers the 
fuel port, so that fuel Is drawn through the system and out the dis- 
charge nozzle, and the upper piston cuts off the air bleed to the 
economizer nozzle, thus inci'easing the suction on the fuel ,1©t. Fig. 
XI shows the position of the pistons of the sanie system at cruising 
speeds . 

** Mlxture Control - As the airplan.e ascends In altitude the at- 
mosphore^Secreas os'" £n pressure , temperature and density. The weight 
of the air charge taken Into the engine decreases with the decrease 
in air density, cutting down the power in about the same percentage. 
In addition, the mixture proportion delivered by the carburetor is 
affected, the mixture becoming richer at a rate inversely propor- 
tional to the square root of change in air density, 

**In order to compensate for this change in mixture, a manually 
operated mixtxxre control is provided on all stromborg Aircraft Car- 
buretors. The mixture supplied by a carbux^etor may bo made leaner, 
by reducing the effective suction on the metering system, by re- 
stricting the flow of fuel through the metering system, or by admit- 
ting additional air into the induction system through an auxiliary 
air entrance. Each one of these methods has been used, in stromberg 
Aircraft Carburetors. 


” Float Chamber Suction Contro l - The float chamber auction type 
of control , sometimes called Back Suction Control, operates to re- 
duce the fuel flow by placing a certain proportion of the air pas- 
sage suction upon the fuel in the float chamber, so that it opposes 
the suction existing In the main discharge Jet. Figures XII to XIV 
show the general arrangement of this type of control. The simple 
carburetor Illustrated has a venturi, a fuel nozzle, and a float 
chamber fuel supply with two openings at the top, one connected to 
the same suction as the fuel nozzle, and the other connected to a 
region of no suction. In Pig. XII a valve »A* Is shown in the suc- 
tion opening. With this valve closed, there is the ordinary condi- 
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Mixture control v;)lve in auction paa- 
HJRv. Full rich position. 

Pig. XII 



ArrangerTreni used in Stromberg Carbu- 
Mixture control valve in passage to retors. Mixture control valve in passage to 

atmosphere. Full lean position. atmosphere. Restriction in suction pas- 

sage. Full rich position. 


Pig. XIII 


.Fig. XIV 



tion of carburetor action with suction on the jet, and no suction 
but simply atmospheric pressure on the float chamber. This condition 
exists when the mixture control is in the full rich position. If 
this valve is opened, some of the suction existing on the jet is im- 
posed on the float chamber, which opposes the jet suction, and de- 
creases the fuel flow. 


"In Fig. XIII a valve 'A* is shown in the passage opening to 
the atmosphere. With the valve closed, as shown, no fuel would dis- 
charge because the suction would be the same on either side of the 
jet system. There would, of course, be suction above the fuel in the 
float chamber, which would tend to draw more fuel through the needle 
opening 'D*, but provided the float were sufficiently large, the 
valve would hold shut,, and maintain the level in the float cham- 
ber at the normal height. This corresponds to the extreme ‘lean’ 
condition that could be obtained with this type of control, in which 
there would be no fuel flowing. As tiiis valve is opened, air is ad- 
mitted to the float chamber, thus reducing the suction on one side 
of the jet system and fuel flow will start, due to the higher suc- 
tion at the jet in the venturi. With the mixture control in the full 
rich position this valve is wide open. 

"In actual construction the suction connection is taken from a 
location of lower suction, and a small restriction of fixed size 
placed in this passage, as shown in Pig. XIV. With this arrangement 
the valve ^A* may be completely closed without entirely stopping the 
flow of fuel. With the valve in intermediate positions, the pressure 
in the float chamber will not be equal to the full suction on the 
jet, nor will it be atmospheric pressure, but somewhere between, de- 
pending on the valve opening. With the valve *A' in a fixed position 
the pressure in the float chamber will always be the same percentage 
of the suction at the discharge nozzle., regardless of how this suc- 
tion may vary, so the action is uniform at all working speeds. 

"In order to obtain a control, that is not too sensitive to ad- 
just, the closure of the valve must be rapid at first and then more 
gradual, and this is obtained by the use of a peculiarly shaped flat 
disk valve working upon an elongated slot, as shown by Pig. XV. This 
type of valve produces changes in the mixture ratio directly propor- 
tional to the valve movement. 

"Needle Valve Control - The needle valve type of mixture con- 
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trol is usad to restrict the fuel pasaago to the main dischei>';e Jtit, 
as shown by Fig. XVI. With the iiilxtui'e control in the rul l rich' po- 
sition, the needle is in the raised position, and tht? fueJ is accu- 
rately metered by the main laistrlction in the .thiol pasimp't^. ‘it? lean 
out the mixture the needle is lowered into tiie n<H;dle valvt^ iu;at, 
thxAs reducing the fuel supply to the main discharge) a small by- 
pass hole, from the float cliamber to the fuel passage, psexin.lts ;uime 
fuel to flow, even though the needle valve is completely clostjd. The 
size of this bypass opening determines the range of contx»oi. 


” * Automatlcit;j 

Control - 

It 

will be noted 

that 

nil of the 

control methods nieirl 

: f cTned” “ p re £o fvo 

the 

automat iclty 

of 

tlie mixture 


range; that is, any given setting* of the control i‘ociuces the suction 
or the fuel flow througli tlie jet by the smo percentfv%<’ at nil en- 
gine speeds. Since the delivery of the jot bears a constant ratio to 
the suction, any given setting.’; of the control has a subs t,an 1 1 a,l ly 
uniform effect upon the mixture at all engine speeds, durj.rs.’*, wtiicii 
the main jet is in operation. 

” A ltitude Mlxtm^e Control Kange - The range of the mixtuia* con- 
trol is \isuariy 3esi in terns of altitude. , This moans tiiat a 
carburetor having a correction range of 20,UOQ’ feet will give thc- 
same mixture ratio at this altitude, with the mixture control std; at 
full lean, as it would give at sea level altitude with the control 
set full rich. If a metering jet setting is used which gives a mix- 
ture richer than necessary on the ground, with the idea of using tiie 
mixture control to correct for this condition, the remaining control 
avallabl ' for altitude use will be less than if the pixxmnd 1 oval Jet 
setting was correct with the control full rich. 

”The float chamber suction type and the naadla valve type of 
mixture controls have a correction range of approximately 25, QUO ft* 
altitude. After the limit of mixture control correction has been 
reached the airplane can ascend 5,000 to 6,000 ft* higher before the 
mixture will become rich enough to cause the engine to lose power, 
and several thousand feat more before the engine operation becomes 
excessively rough. 

^ Location of Float ch^ber Atmospheric Vents - The pres sure of 
the pr o p e 1 1 e r bi as t Ti oft en ah appreci able pe re ent age of the dif- 
ference in pressures In the carburetor causing fuel flow, and It is 
very important that whatever pressure disturbance is caused by the 
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propeller blast should operate equally on both sides of the fuel me- 
tering jot, so that the fuel flow will be responsive only to the 
difference in pressures resulting from the flow of air through the 
carburetor. To insure this condition, the float vents, or mixture 
control openings, are brought to the air entrance of the carburetor. 
Any pressure disturbance resulting from the propeller blast or for- 
ward motion of the ship is thereby balanced equally on the float 
chamber and on the fuel jet. The air intake attached to the carbure- 
tor may cause turbulent or irregular flow of air into the carburetor 
so that different pressures will exist at various locations in the 
carburetor entrance. In order to obtain an average of these pressure 
valves in the float chamber the vent passage, on some carburetors, 
opens into an annular space fomed by a groove cut in the outside of 
the venturi. This groove is connected to the air intake by means of 
four slots, which arrangement permits the use of air intakes of var- 
ious designs without affecting the metering characteristics of the 
carburetor. Whatever slight depression may exist in the air entrance 
is transmitted to the float chamber and, for this reason, a mano- 
meter connected to the float chamber during dynamometer test may 
show some depression with either type of mixture control in the full 
rich position.” 

It is impractical and unnecessary to attempt to explain the 
functioning of each model of carburetor. It is suggested that the 
carburetor manufacturer's instruction manual pertaining to the car- 
buretor in question be secured and studied. The following discussion 
of the NA-R4B model Stromberg carburetor will serve to illustrate 
how the subject is covered by the individual instruction books, and 
is reprinted through the courtesy of the Bendlx Stromberg Carburetor 
Co. and Ranger Engineering Corporation. 

FUKCTpNING OF STROMBERG NA-R4B MRCRAPT CARBURETOR 

” Main System - This carburetor operates on the same basic prin- 
ciples of other Stromberg models. Referring to Pig. I, it will be 
noted that fuel enters the carburetor from the fuel inlet, passes 
through float needle valve (A), then passes through the mixture con- 
trol seat (R), and through the main metering jet (B), mixes with air 
from the main air bleed (D) in the main discharge nozzle (C) to form, 
an emulsion which is discharged into the venturi. The emulsion then 
mixes with the air flowing throtigh the carburetor and enters the en- 
gine for combustion. The air for the main air bleed (D) is taken 
from a space behind the venturi which is connected to the air intake 
of the carburetor. The main system is used for all engine speeds ex- 
cept idling. 

^Economizer System - To provide a richer mixture at wide open 
throttle for maximum engine power, an additional jet is opened. This 
is the economizer metering jet (P), and the flow of fuel through 
this Jet is regulated by the economizer valve (E). This in turn is 
operated by the economizer am (V) connected to the pump stem which 
is actuated by a lever on the throttle shaft. As the throttle valve 
is closed, the economizer valve spring (T) closes the economizer 
valve (E), so at the cruising position of the throttle valve (K), 
the economizer valve (E) completely shuts off the flow of fuel 
through the economizer metering jet. 




figure 
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ont r o 1 - it is a well known fact that the mixture 
will become richer as the density of air decreases, therefore in or- 
der to compensate for this enrichment when flying at altitudes, a 
mixture control needle has been provided which is operated indepen- 
dently of the throttle* As this needle (Q) is moved down into its 
seat ( H) by the eccentric pin on the mixture control shaft, the flow 
of fuel may be lessened to give the required mixture. An altitude 
metering jet hole (S) is Incorporated below the mixture control seat 
to prevent the fuel being shut off completely. 

** Accelerating Pump - in order that the engine will accelerate 
quickly and smoothly, a pxmip is utilized to provide an additional 
charge of fuel as the throttle is opened. A pump sleeve (G) moves 
down as the throttle opens, and the force of the fuel inside the 
sleeve overcomes the force of pump spring (U), allowing the pump 
piston (J) to move down, opening holes in the pump valve (H). The 
fuel then starts to flow down through the pump valve and through ap- 
propriate passages to the pump discharge nozzle (L) where it is dis- 
charged into the carburetor barrel. The spring (U) gradually forces 
tile piston (J) up, discharging the remainder of the fuel until it 
seats on the valve (H), shutting off the flow of fuel from the pump. 
As the throttle valve is closed, the sleeve Is raised and the cham- 
ber within the sleeve is refilled with fuel, which flows around the 
outside of the piston from the float chamber. 

^* Idle System - l^/tien the engine is idling, the throttle valve is 
closed or nearly closed, so the flow of air through the venturi is 

not great enough to cause suf- 
ficient fuel to flov; through 
the main discharge nozzle to 
give satisfactory engine opera- 
tion. A separate idle system 
has, therefore, been incorpora- 
ted to give the necessary fuel 
flow at low engine speeds. Re- 
ferring to Pig. II it will be 
noted that fuel from the float 
chamber first passes through 
the main metering jet to the 
main discharge nozzle, flows 
through side holes in the main 
discharge nozzle and through 
the idle metering jet (N), then 
mixes v;ith the air from the 
idle air bleed (P) to form an 
emulsion which is then dis- 
charged into the carburetor 
barrel through the idle dis- 
charge nozzle (M). As the throt- 
tle valve is opened, the suc- 
tion at the idle discharge noz- 
zle (M) decreases and the suc- 
tion at the main discharge noz- 
zle increases so that the fuel 
ceases to flow through the idle 
system and then flows through 
the main system. 


\ 



FIGURE 2 



166 


EMGIHB: MAINTENANCE 


INSPE CTION iyip,.OVKKHAin. 

'^f)irs7rssei^l_/7’'-'''T^^ carburetor should b€i disassembled for clean- 
ing anTThllfanlf/i cfich time the engine is given a general overiiaul, 
when there has been an accident which might have damagoci the carbu- 
retor, or when its action la known to be xmsut is facto ry . 

'^In disassembling, the halves aiiould ba stij-a railed and aufflcient 
parts removed to permit a very thorough cloanin).; and inspection of 
all parts and passage's. In p-eneral thin will Include ttie removal of 
the float mechanlsnij, float needle valve seat, strainer, main dis- 
charge noi;zlo assembly, metering Jots, ec<c'u;nnir,er, accolerntlrig pump, 
mixture control valve and such passage plu^^s as are i^equired to 
clean the passages. 

’’Tapping the brass plugs lightly with n .soft wood or rawhide 
mallet will aid greatly in tiieir removal from the aluminum body, jf 
the threads stick, apply oil and woxk the pltxg in and out* as is 
sometimes done in a tapping operation. This will allow their removal 
without tearing the threads in the alumlmim. 

’’Wash all parts and the aluminum castings with gasoline, and 
clean all passagtis by blowing through thorn with an air hose. 

’’ Inspection - The parts removed should all bo inspected cai'e- 
fully for wear* or Irregularitiiua of any kind. Note tiie con<i.ttit:m of 
the float needle vaive and needle valve seat. If the needles is 
grooved or the sides of the noodle valve or needlf' valve guide are 
worn excessively, both needle valve and seat should be replaced with 
new parts. See that the adjustable idle discharge nozr.Ios are clean 
and that they can be freely adjusted. Check the fit of the throttle 
valves in the barrel and the fit of the throttle shaft in its bush- 
ings, On the double or triple-barrel models see that nil of the 
throttles close tightly with the throttle stop unscrewed. A^i adjust- 
ment Is provided, for synchronizing the throttles on doubi o-biirrel 
models having parallel throttle shafts connoctad witti gtuir sectors . 
One of the gear sectors is not pinned to the shaft but is cleimped 
directly to it by means of a bolt and nrut. hooHonixg this nut will 
allow the gear sector to ba tui-ned on the shaft imi an adjustment 
secured. On later models of this type tii© gear sector, which la not 
pinned, is fitted over an eccentric split busiiing. This eccentric 
bushing may be rotated to eliminate excess backlash between thfs gear 
sectors. With this type of adjustment the gears should be se.t with 
practically no backlash when the throttles are cluseci. The backlash 
which will then exist at wide open throttle has no effect on the op- 
eration. Examine all passages to see that they are clean. 

’’ Assembly - Reassemble the parts in the lower half or main body 
of the carburetor, using new parts where necessary. It is very im- 
portant that all gaskets be in good condition and ba properly placed. 

’’Brass plugs screwed into aluminum have a tendency to stick af- 
ter a long period of service, but this trouble can be obviated by 
the application of a thin coating of a mixture of powdered graphite 
and castor oil to these threads. 


’’The needle valve and seat should be ohaokad for leakage by 
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yalve with the point up and the seat in place, 
and filling the small space above the needle with gasoline. If any 
leakage is evident the needle valve should be lapped in with crocus 
powder. If the leakage cannot be stopped in this way a new needle 
and seat should be used. 


After assembling the lower half of the carburetor move the 
float up and down to see that it works free, and inspect it to see 
that it does not strike the sides of the float chamber. Check the 
float level by holding the lower half in a level position either on 
the bench or in a vise and connecting the fuel inlet to a fuel sup- 
ply tank. Measure the distance from the level In the float chamber 
to the parting surface. This measurement should check with that giv- 
en in the detail instructions on the model being tested. In case 
this information is not available the level should be set l/8” to 
3/16'' below the bottom of the main discharge nozzle holes. 

"The fuel used and the height of the fuel supply tank above the 
carburetor fuel inlet should correspond to the conditions actually 
encountered in service. If the carburetor Is used on an airplane 
having a gravity fuel system the float level should be set with a 
fuel head equal to the average height of the fuel in the tanks of 
the airplane above the carburetor inlet. If used with a pressure 
fuel system a pressure of 3 pounds per square inch, or 117" of fuel 
at .710 specific gravity, should be used. In case the level is not 
correct, adjustment should be piade by changing the thickness of the 
gaskets under the float needle valve seat. In general, a change of 
1/64" in gasket thickness will cause a change of 5/64" in the level. 
In order to lower the level it is necessary to reduce the gasket 
thickness on some carburetors and increase it on others, depending 
on the location of the needle valve above or below the float bracket 
and on the location of the pivot between the float and needle valve 
or at one end of the float bracket. 1/Vhether to add or remove gaskets 
is easily determined, however, by an examination of the float mech- 
anism construction. 


"The setting in the carburetor should correspond to the setting 
shown on the alximinum tag riveted to the casting unless there is a 
definitely known reason why it should be otherwise. The individual 
instruction sheets, usually supplied in the engine instruction book, 
should be consulted for detailed infonnatlon concerning each indivi- 
dual model . 

"Assemble the main and throttle valve bodies and safety wire 
all screws, plugs# etc." 

Automatic Mixture Control - As has been previously mentioned, 
changes in altitude affect the carburetor mixt-ure to such an extent 
that proper engine functioning cannot be obtained without adjusting 
the carburetor to allow for these changes. Most carburetors are 
equipped with some device for making suitable altitude compensations 
yet these mechanisms are not entirely satisfactory, for it takes a 
pilot an appreciable length of time to adjust manual controls to ob- 
tain . powerful yet economical engine performance at various alti- 
tudes. It is particularly Important that the pilot be relieved of 
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th\r, :iaty on flights where the altitude is being changed constantly, 
such as in military maneuvers. Obviously, the necessity for making 
carburetor sotting adjustments would be eliminated if the air deliv- 
ered to tho carburetor intake horn remained at a constant pressure, 
for it is tho varying pressure at this point that; results in differ- 
ent fuel-air ratios. It is possible, through the use of an external 
supercharger, to maintain a constant air intake pressure, ’"Weriby 
ollminating the use of a mixture control. While this method of alti- 
tude compensation is effective, it is not in general use since it 
Involves the use of an exhaust driven supercharger, with consequent 
increase in v;eight and possibilities of mechanical failure. Another, 
and more popular, method of achieving the same result is by means of 
an automatic mixture control unit, such as the one described below. 

Briefly, the function of the automatic mixture control unit is 
to regulate the fuel-air mixture so that it is delivorod to the en- 
gine in a constant ratio. Irrespective of the altitude or tho den- 
sity of the atmosphere. Essentially this f'unctlon is perfonnod by 
maintaining a constant pressiwe at the carburetor air intake horn. 
Sucii constant pressure is made possible by the installation of pres- 
sure control valves in the carburetor air Intalce. These valves and 
the air intake are arranged to work effectively within a pradeter- 
minad range, usually from sea level to 12,000 ft. They are so de- 
signed that when tiie valves are wide open at the maximum altitude 
there is as much pressure created in tlie air intake as there is when 
tho valves are closed at sea level. 

The pressure control valves are actuated by an operating piston 
whicli In turn is controlled by oil pressure as follows*: Afrarr' pres- 
sure tube is located in tho carburetor intake and is connected to 
the open bellows shown In Fig. i. as the air pressure in tiie intake 
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b6g|iiis to dpop ^ S 01 I 16 pressure is removed rrooi tlie open bellows wlilch. 
allows the ^^cuat e d bellows to expand. when the e^cuated bellows 
expands, a Servo valve is moved allowing oil pressure (from the en- 
gine oil pressure system) to act on one side of the control valve 
operating piston. The oil pressure moves the piston inv/ard, which 
opens the pressure control valves further and this in turn admits 
more air into the intake, hence the pressure is increased. When the 
pressure in the air intake starts to rise, the procedure is reversed 
and the pressure control valves close slightly, decreasing the air 
admitted, and likewise the pressure. In actual operation, this pro- 
cess does not continually alternate as described here, but assumes a 
state of equilibrium which allows for slight pressure changes. The 
sensitivity of this control can be regulated by the fulcrum adjust- 
ment, shown in Pig. I. By the method outlined the pressure variation 
is effectively controlled within definite limits, but it will be 
noted that this is accomplished by reducing the available sea level 
pressure. This means that the englne" ~^c anno t develop as much power as 
it could without control unit until it reaches the maximuirfaTti- 
tude above which the -unit i 3 not effective . 

It is often desirable to utilize more engine power than is 
available when using an air Intake pressure equivalent to 12,000 ft. 
altitude. In order to do this the mixture control unit is provided 
with an adjustment, controlled from the cockpit, which permits a 
higher intake pressure. This new position allows the pressure to be 
maintained at some previously fixed constant. For example, if the 
second position of the control unit is adjusted to a pressure equiv- 
alent to 6,000 ft. altitude density, the pressure control valves in 
the air Intake are actuated so that this pressure is maintained from 
sea level to 6,000 ft. As the engine is then operating at a higher 
Intake air pressure, more fuel will be needed. To provide the addi- 
tional fuel required, the automatic mixture control mechanism opens 
an atixillary jet in the carburetor as soon as it is turned to this 
new position, ^iVhen the control is so adjusted, it is said to be in 
its mid-position, or the high power cruising position. In either the 
cruising position or the mid- posit ion the throttle may be left wide 
open and the engine will not exceed its maximum cruising r.p.m. un- 
til after the critical altitude has been reached. 

To take care of emergency, a third position of the automatic 
mixture control unit is provided. When the unit is shifted to this 
emergency position the pressure control valves are held wide open at 
all times and also additional jets in the carburetor are opened to 
assure sufficient fuel supply. In this position, the carburetor is 
practically the same as though it were not equipped with the control 
unit. 

The automatic mixture control does not interfere with the man- 
ual control of the throttle or carburetor mixture, but as long as it 
is functioning properly within its limits there is no need to use 
either of these manual controls except for landing. If, for any rea- 
son, the unit falle to function due to lack of oil pressure, mechan- 
IcelI failure, etc. it is automatically placed in the emergency posi- 
tion aM the engine may be controlled manually. 
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C]^ ANi:'T,EK“ JH07KS C AltiyiHFrOH 

“ Wie’’ carburetor differs radically from conven- 

tional c. arbTipetors in that it has no jots^ flxad vcintind. or float 
chainber. Its important featvire is a diaphragm fual (‘.ontro] and it is 
so designed, that It offox*s automatic altitude ad juatmeni , reduction 
of ice formation hazard and automatic priming., as well as power com- 
pensation and a positive acceloioiti 0:1 pump. Pig. I shows an assem- 
bled Ch,andler-C;roves down-draft carbui'ctor, viewed from the top^ or 
air scoop and. In this view the throttle arm will be scum at the 
lower right hand corner. Tlie dlaphr'agm sectiotna aiU) at; the left side. 
The ci'oss. member seen through the air intake opening la the metering 
needle housing. 




Pig. I 

P“’lg. II shows a detailed view of the main body of ttie carbure- 
tor. The metering needle housing is clanidy aliowii supvorting the 
sti^eamllned paddle-shaped main discharge The cprulrant-shaped 

sections shown on either side of the discharge riuzzle are the two 
throttles. They are ahowxi in a threa-quartere open position. Mien 
the thx'ottle is closed these sections xaitate inwaxxi to reduce the 
opening at the discharge nozzle. Movement of the throttle am also 
controls, thixmgh a cam-lover mechanism, the movement of the main 
metering needle. 

The three diaphragm sections are shown in Fig. III. The power 
compensator section la shown at the left. The main fuel section, 
which has two diaphi-agms, is centrally located while the accelerat- 
ing pump section is oiiown on the 
right. It will be noticed that 
tills carburetor is comprised of 
many sections, thereby avoiding 
large and complicated castings. 

This is a noteworthy feature, as 
It simplifies the maintenance 
and replacement of parts. The 
diaphragms are made of soft pli- 
able leather to which are at- 
tached thin metal discs. The 
leather not only forms a good 
seal between the various seo- 





Fig. Ill 
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tions b-ut its flexibility permits smooth, even diaphragm movement. 

^ I^ II j. and III are reproduced through the courtesy of 
the Chandler Groves Company, who originally manufactured this carbu- 
retor for military use only. However, It is now available commer- 
cially and is ^sed on many of the higher powered engines. A schemat- 
ic drawing of this carburetor is shown in pig. iv in order to sim- 
plify the explanation of its functions. 



^In lAiel P^d " Fuel, under a pressure of six to seven pounds, 
enters “tEJclfirbureEcr through the fuel inlet opening, a. Prom here 
the fuel flows through the venturi passage into the chamber, b, and 
through the ball check passages to the main fuel chamber, £. After 
the fuel reaches a certain level in this chamber it exerts suffi- 
cient pressure to force the main diaphragms outward. As the dia- 
phragms move outward the two lever arm attachments are actuated so 
as to close the ball check passages between the chambers b and c, 
thus preventing further admission of fuel. Wien the engine is run- 
ning, the air rushing through the air scoop and past the main air 
bleed creates a suction which is transferred through the main fuel 
passage channel d back to the chamber c» Note ; This can happen only 
when the metering needle is open, as woul3 be the case when the en- 
gine is rtmning. The opening from the main fuel chamber is at the 
top so that the fuel passes directly into the main fuel channel d. 
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Thus, when the engine is nmning, the entire fuel chimiber is filled, 
making It possible for the carburetor to function normally when the 
ship is in inverted flight. By eliminating all air space in the fuel 
cnamber there is no possibility of an interrupted flow of fuel dur- 
ing violent maneuvers. Th© fuel channel, d, is connected to the main 
discharge nozzle, e, ao that the fuel ^’hat is drawn into the main 
chaxmel flows into the nozzle e, from which it is iilBchniy,ed into 
the passing air stream, througH small openings In the sides of the 
paddle-shaped nozzle. There is considerable suction at th© point of 
discharge, due to th© shape of th© throttles and the discharge noz- 
zle, which combine to forsi. a variable venturi opening. 

Ice Fonnatlon - The possibility of Ice foi*mation is practically 
elimlnabeff'Yy“'*CT^^ ©xpodient of introducing the fuel into the 
air at a point below, or on the induction side of, the throttle. 
Thus, th© fuel-air mixture is introduced into a chamber which is 
practically free from all obstructions such as butterfly valves, 
etc. upon which ice could fomu It la not necessary to use a carbu- 
retor air preheater with this Installation, thereby eliminating 30 
lbs. or more of weight. 

Mixtu re Control - The air chambers, h, are connected to the 
piezome’HerTIng “axIS^also to the main air ble’ed in such a m^mner that 
a percentage of the same suction that exists at th© metering needle 
is applied on these chambers. As part of the auction is applied on 
chambers h, it is more difficult for the fuel to be drawn from cham- 
ber c andT In addition, the available suction at th© main air bleed 
is aTso reduced, consequently there is less suction exerted on the 
main fuel chamber. Th© above conditions combine to reduce th© fimount 
of fuel delivered to the main discharge nozzle £, tiiereby resulting 
in a leaner mixture. This entire action may b© summed up by saying 
that the auction at the main air bleed draws th© fuel to the dis- 
charge nozzle, but th© free flow of fuel is regulated by utilizing a 
percentage of the saiae suction to retard the flow of fuel. In this 
manner a constant fu©l-air ratio is maintained not only throughout 
the entire engine operating rang© from Idling to high speed but also 
in the varying air conditions found at different altitudes. 

Manual Mixture Con trol - In order to provide for more exact al- 
titude componsaFfbn'"^ ancT Co permit leaning of the mixture for more 
economical cruising, a manual mixture control is installed in th© 
air passage between the main air bleed and the chambers h. This con- 
sists of a restriction valve which opens and cloaea the air passage. 
In the full rich position the air paasago Is entirely closed, allow- 
ing th© entire suction at the main air bleed to be utilized for 
drawing the gas from the fuel chamber. The amount of suction is fur- 
ther controlled by a dlai^ragm vent restriction placed in the air 
passage between the piezometer ring and the chambers h. This re- 
striction bleeds off a portion of the suction so that when the man- 
ual mixture control is In the full lean position the resulting fuel- 
air ratio will not be less than the allowable mlnlmumu This one man- 
ual mixture control regulates the mixture over the entire range of 
engine operation. A further function of th© mixture control is to 
shut off the flow of fuel, thus preventing th© engine from after- 
firing when It is stopped. This la aooompiiahed by moving th© mix- 
ture control to its fixll travel beyond the cruising lean stop, which 
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exposes the outside of the diaphragms to practically the same suc- 
tion as exists at the fuel metering restriction and at the same time 
looks the accelerating pump. With the suction thus balanced, the 
diaphragms act to close the fuel Inlet valves and completely cut off 
the fuel supply. 


F •“ A power compensator is provided to Increase 
the richness of the mixture which is necessary when the engine is 
approaching its maximum power output. This unit is located 'at the 
left hand side of the carburetor illustration, Pig. iv. As fuel en- 
ters the carburetor chamber a, the compensator fuel chamber f is 
filled. Under nomal operating conditions the fuel does not lekve 
this chamber, as the exit is closed by the spring loaded diaphragm 
needle valve. As the fuel flow through the venturi is increased, a 
suction is produced on the spring side of the compensator diaphragm* 
When this suction has been increased sufficiently, the diaphragm op- 
erates against the spring, opening the needle valve passage and al- 
lowing the fuel in the compensator chamber f to pass directly into 
the main discharge nozzle as long as the suction on the compensa- 
tor diaphragm is great enoiigh to hold the needle valve off its seat 
the fuel continues to flow to the discharge nozzle, thereby enrich- 
ing the mixture. 


The power compensator is calibrated to provide the proper amount 
of fuel with six to seven pounds of pressure at the carburetor in- 
let* It is important that this pressure be maintained, especially 
when operating the engine at or near its maximum output. If the 
pressure is allowed to drop below this point the compensator will 
not work efficiently, consequently the engine will not receive a 
sxaff iciently rich mixture. As the compensator works only at high 
power outputs the mixture is hot affected at any other time by 
changes in fuel pressure. 

Accelerat ing Pump - To insure rapid and positive acceleration 
of the engine ^en the throttles are opened quickly, the Chandler 
Groves cai'buretor is provided with a vacuum operated diaphragm type 
accelerating pump. This pimip is located between the main fuel cham- 
ber and the body of the carburetor. Fuel enters the pump chamber g 
through the one way passage located between chambers b and g. The 
accelerating pump chamber is divided into two sections by a spring 
loaded diaphragm. The springs are on the air chamber side of the 
diaphragm and tend to apply pressure on the fuel. This side of the 
chamber is open to the vacuum that exists below the carburetor when 
the throttles are closed and the engine is running. This pulls the 
diaphragm against the springs and allows a greater quantity of fuel 
to enter the chamber £. When the vacuum is broken by suddenly open- 
ing the throttles the springs force the diaphragm to exert a pres- 
sure on the fuel in chamber forcing it through a drilled passage 
where it is discharged at the outlet spray nozzle. This provides 
sufficient additional gas to insure positive acceleration. 

When the engine is stopped, a cam mechanism operated by the 
mixture control handle seals the vacuum on the spring side of the 
diaphragm. If the seals are in good, shape this vacuum will remain in 
the chamber for a considerable length of time. Upon starting the 
engine, the mixture control is opened quickly, forcing fuel through 
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the spray nozr.le into the indxictlon system to servo as a prlminfT 
charge. 

Idling A djus tment - To obtain idling adjustment, an adttl t.l onal 
air bleed Ts usccnir the fom of an adjustable valve. This valve op- 
erates only when tiie throttles are nearly closed since the air pas- 
sage is in the center of the metering needle and is shut ofi’ as soon 
as the needle is moved out of lbs seat aboiit l/l6’'. The idling ad- 
justment is not effective for engine speeds above a].|iruxlmately 
l,OpO r»p.m. ’.Vhen the idling adjustment is fully open, air ,I s al- 
lowed to enter the discharge nozzle, thereby leaning tiie mixture, as 
the idling air bleed [jassage is closed, less air Is admitted, re- 
sulting in a richer mixture. 
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Broadly speaking, the induction system Includes all of the de- 
vices and accessories which are used to supply fuel to the engine 
and which are affected by the suction produced by the downward 
stroke of the pistons* This includes such items as the air scoop, 
the carburetor air pre-heater, the carburetor, the hot spot, the 
manifolds, the diffuser and the supercharger. However, only the man- 
ifolds, dlffviser and supercharger will be discussed here, as the 
other items have been described previously. 

That portion of the Induction system that is between the carbu- 
retor and the engine cylinders may be divided into three types, the 
manifold, the dlf-fusex^ and the supercharger Induction, 


%r^iTmplest type of induction system is the plain manifold 

tvne In this, the carburetor fuel mixture is carried directly to 
the cylinders through a series of pipes or tubes called manifolds, 
or Induction pipes. The manifold system is used on practically all 
aircraft engines under 200 h.p. as it is inexpensive, light and 
practically ti*oub:ie-freo, and there are no moving parts involved. 

medium sized engines, such as the Lycoming, 
Tacobs and others, use a diffuser Induction system. The purpose of 
this system is to vaporize more thoroughly the carburetor charge and 
to assure equal distribution of the mixture to the various cylinders. 

The diffuser acts on the same principle as the supercharger. The 
fuel charge is drawn directly into the crankcase, where it is sub- 
iected to the influence of a low speed impeller. The " 

iftr not only serves to vaporize the charge more thoroughly, but dir 
ecL it in lixxal proportiUs to the diffuser outlets, thereby assur- 
ing an equal chax’ge to each cylinder. 

— — ■Sfr-lfinrgera are used in induction systems to more thorougMy 
c'harifa to assure equal distribution to the cylin 
vaporize the ' “the charge to the cylinders under 

ni^a i?ef,ure tS iSSriJem is Xt makes 1? possible for 

a posit, Ivc pxesjuxo, m h n of an engine at 

the J^e^S altitude'^ to provide in- 

more popular, will be discussed first, 

Constinictlon of Intern^l..Supercharg^ - W 

“^^,^f 3^Xrgers These super- 
h.p. are equipped with ftnmnreasors which are driven through 

chargero are °e ^crankshaft. One section of the 

a series of gears by the housing. By thus In- 

crankoase is designed to ^ crankcase^ considerable weight is 

corporatlng the /tvoe The high speed blower or impeller, 

saved oyer such careful engineering design and 

which is the part the General Electric Company, 

construction. Is usually with this type of construction, 

who have had many years' experience with this vype 
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Fig- I 


Introd u ctio n of the Fuel Charge and Imperil e,r Action - Fig- I 
shows a rear vTTfw 6T""a IT'o^TIncLer praFfc with, the 
diffuser section removed so that the impeller mnj seen. Fig. XI 
shows the dlff^Aser section. The carburetor mixture la drawn into the 
supercharger through the indirect opening in the central part of the 
diffuser section. Not e; The opening shown In the center of the dif- 
fuser section forms a Bearing surface for the impeller and also per- 
mits the stub shaft, w.hich drives the acceaaorioa, to telescope into 
the crankshaft* It will be noticed that the incoming air charge en- 
ters the central portion of the impeller and also that the impeller 
vanes at this point are inclined or curved in the direction of lacta- 
tion. This Is so the Impeller may pick up the charge with less 
shock, which not only increases the smoottooas of operation but de- 
creases the power necessary to run the Impeller. Heedless to say, 
considerable research and engineering skill was required to design 
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the impeller vanes in such a 
manner that the Incoming air 
could he admitted to the im- 
peller and gently directed 
along the vanes to the outer 
edge^ or impeller exit as it 
is called, without setting 
up any conflicting turbu- 
lence . 

Impeller Spee d - The im- 
peller speed is always des- 
ignated by the ratio between 
its rotation and that of the 
crankshaft . In order to pro- 
duce the desired supercharg- 
ing effects, the impeller 
must rotate at high speeds, 
ranging from 6:1 to 12:1, 

Soiiie engine manufacturers 
use impellers of compara- 
tively large diameter, thus 
making it possible to pro- 
duce the same degree of supercharging with a lower impeller rota- 
tional speed. The skill and care with which an impeller must be made 
is forcefully Illustrated by the fact that when the impeller is 
turning at top speed the tips of the blades are traveling from 500 
to 1500 ft. per second, depending upon the gear ratio. For the sake 
of comparison, it will be remembered that sound travels only 1080 
ft. per second. 

Impeller Drive - The impeller is driven by the crankshaft through 
a 3 e ri e s of induct 1 on gears. The gear arrangement varies with en- 
gines of different makes, but all which operate the impeller at high 
speed include some type of friction clutch arrangement. Such a 
clutch is necessary to reduce excessive strains that are Imposed on 
the gear train during rapid acceleration and deceleration. For exam- 
ple, if an engine using an impeller with a ratio of 10:1 were rapid- 
ly accelerated from 1,000 r.p.m. to 2,000 r.p.m., the impeller would 
have to accelerate from 10,000 r.p.m. to 20,000 r.p.m. in the same 
length of time. Such acceleration would not only require considera- 
ble engine power, but destruction of some part of the mechanism 
would be likely to occur. To avoid these difficulties, a friction 
clutch is employed. This clutch is provided with a spring friction 
bearing between the drive shaft and the drive gear; thus, when an 
undue strain is exerted on the mechanism a certain amount of slip- 
ping occurs which allows the impeller to reach its proper speed 
without violent torsional strains. 

Diffuser Action - The distributor vanes, or diffuser vanes, are 
clearly illustrated near the outside clrctimference of the diffuser 
section shown in Fig. II. These vanes are designed scientifically to 
receive the high velocity charge as it leaves the impeller vane ex- 
its. The diffuser vanes serve not only to insure even distribution 
of the fuel by directing It to all cylinder induction pipes evenly, 
but also to decrease the velocity of the air with the least friction 
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poaaible. By dot.un\‘Ud n/.’; the vIot*i“y ot‘ the air wltiiMiit df».M*caslng 
Mith tha piNUifUii'e ia i*ai;u*cl, thua t lu- a! r Is 

delivered to the cyilnders undfrr v. f'osit!ve :re:*;nirr. it i;; ntivious 
tlunt, such belli/’: the caae, eacii cylinder rt‘celvt'c a, I’liauntn'r c.hai-ge 
than would be poosi'ole by tiie suction cl* the i Istnn a. hate, Ibaluruily 
toy Inci’eantny t.he amount of citrr;-^e tht> rnwai^ dielivcarrHl to t:u‘ crank- 
shaft Is also Increased. 

The vapoi’j cat! on of the l*uei charge is also Imi'Toved s!i:ca:j the 
small ciropvS of f'uel in the a1 i* are broken ur- wiieti subJect;od to such 
high voloc.ity. Ilirtherr.iore , as the fuel charge is coin|. res;:o*d , the 
temperature is raised, which also Improver v/iporl /it. 1 on . 

Thus the jurreiMhargei* ilel Ivors more I'uel to the cyiliulers, and 
this fuel Is in a more vaj orizod and hence a more vo I /it lie slate 
than is the case v/Ikui no suj erch/rrger is \uied. 

Two Spe ed .vhi*''irchapgei*s -■ As one of the main f‘unctrlons of the 

supercTTaivV'a^ ’is* to sup; iy surr'lclent fuel charge to the cylinders to 
maintain maximum power at altitude, it Is obvl (Uis tiiat the super- 
charger is c/ipable of sup-plylrig too largi^ a charge at se/i level. If 
a supercharged eng, 1 no la /illow»*d to run at rnaxliman p'Owcr output at 
sea level, the «'nglnc spew'd and heat g.enoi'ated will be r-o gre/it tiiat 
engine damage will result. To avoid the possibility of this occur- 
ring accidentally, superchar/ied engines are provided wl t)i n thrott.lo 
stop so that the en.»/ine c/uinot be run at its maximunn without releas- 
ing the stop and movln/'; tlie tiirottle liandl a fur’ther f'ox'waxxi. pormal- 
ly this Is not to be done until the ship has I’O/iehod a pu’odetermi ned 
altitude, usually 5,00() ft. 

Prom the foregning, it Is evident that a suparchargar geared 
for high altitude is more offoctive than necessaxy at low altlt.ude. 
Likewise, by reducing the rotational speed of the impeller the same 
supercharger Is sufficiently effective at lower altitudes. Taking 
advantage of this fact, some exigitie manufactxxrers use a t.wo-;ua.ua'i 
supercharger. The advantage of ihla arrangement la obvious. The lo’.v 
speed pennits sufficient superchax*glng to allow the engine to devel- 
op its normal rated h.p. for take off and low altitude work. At the 
same time the impeller spaed ia lessened, thereby decreasing the 
power necessary to turn the imp)Oller, and also reduclxig iho fatigue 
strains which are a natural result of coxitlnxxed high speed. 

The two speed supercharger is controlled from the cockpit and 
is shifted from low speed to high speed somewhere between 10,000 and 
15,000 ft. altitude, or when increased supercharging la xxeeded aa 
indicated by the manifold pressure gage. 

External su perch/irgara - External superchargeri are used for two 
purposes. The type“”'‘Hrat;”''ls' Installed for operation from sea level to 
a normal high altitude of approximately 15,000 to 20,000 ft., ia de- 
signed to keep a constant sea level pressure at the carburetor air 
Intake horn. This enables the engine to develop Its normal x^ated h. 
p. throughout the altitude range and eliminates the necessity for 
carburetor altitude mixture control. 


The other type, which is used for high altitude flying, Is da* 
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signed so that it becomes effective only after the internal super- 
chargor has reached its critical altitude, v/hioh is ordinarily about 

20.000 ft. The function of this supercharger is to maintain a carbu- 
retor air intake pressure equivalent to the maximxam pressure re- 
quired by the internal supercharger. By so doing, the engine Is per- 
mitted to develop its normal rated h.p. up to altitudes as high as 

50.000 to 35,000 ft. 

The exhaust driven turbo supercharger designed and built by the 
General Electric Co, and Illustrated in Fig. Ill, has been used suc- 
cessfully as a second* stage supercharger to maintain sufficient car- 
buretor air intake pressure at altitudes above the effective range 
of internal superchargers. 

The turbo supercharger is, of course, made in various sizes so 
that it can be made adaptable to individual engine requirements but 
the average unit is approximately 17” in diameter, 14” long and 
weighs about 150 lbs,, excluding the inter-cooler. Where possible, 
it is bolted direct3.y on the engine in such a manner that it will be 
centrally located between the exhaust outlet and the carburetor in- 
take . 


In operation the exhaust gases from the engine enter the super- 
charger unit at the top of the nozzle box, a. As long as increased 
supercharging is not needed the turbo uni'F remains inoperative and 
the exhaust gases are allowed to pass out through the waste gate, b, 
(indicated by black arrows). When the carburetor air intake pressure 
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■begins to drop, due to Increased altitude, the waste gate valve, c, 
begins to close so that more of the exliaust gas which is in the noz- 
zle box la dlroctod into tlia nozzle. The nozzle is so constructed 
that the exhaust gaa which paaaes through is directed at the outer 
clrcuitiforence of the turbine wheel which supports the small vanes 
or buckets, d. 'flhm sufficient exliaust gas Is directed through the 
nozzle a rotary motion is imparted to the turbine and, as the cen- 
trifugal blower is mounted on the same shaft, it also begins to 
turn. Obviously, therefore, the position of the exhaust waste gate 
valve controls the supercharger impeller speed. 

The action of the centrifugal blower is similar to that of the 
impeller of the internal siu'ercharger. Air enters near the center of 
the blower and is conducted along the vanes to the blower exit. Prom 
here it passes through the inter-cooler, or air cooler, to the car- 
buretor Intake. As the waste gate valve closes, the exhaust back 
pressure Is increased. The blower is so designed that when the ex- 
haust back pressure reaches approximately 30" of mercury, an equal 
pressure is exerted on the carburetor intake. Thus a state of equi- 
librium is established, which la maintained by the gradual closing 
of the waste gate valve until the critical altitude is reached. 
Above this altitude the carburetor pressure begins to drop despite 
the fact that the waste gate valve is closed tightly and the blower 
is turning at top speed. This naturally results in decreased engine 
power output. 

The action of the waste gate valve is controlled by an automat- 
ic unit wliich is actuated by the surrounding atmospheric pressure, 
rho critical altitude, or tlie altitude density at whicn point the 
waste valve closes entirely, is in the neighborhood of 1'5,0Q0 to 

30.000 ft. This does not mean that the airplane cannot exceed this 
altitude, but simply means that normal engine power cannot, be main- 
tained above tlds point. 

Air pressure decreases as altitude increases, so that at about 

25.000 ft. the atmospheric pressure is in the neighborhood of 15" of 
mercury, thus in order to maintain a carburator intake pressure of 
30", the supercharger must compress the air In the ratio of about 
2:1. In so doing the temperature of the air is raised to a].proxl- 
mately 300° p. In order to obtain efficient carburetion this tem- 
perature is reduced by the inter air cooler to around 175° p. 

Due to the increased stress placed upon high altitude flying, 
considerable experimental research is being devoted to the subject 
of supercharging, and it is likely that within the near future new 
or improved designs will be produced. 



CHAPTER 7 
FUEL SYSTEMS 


The fuel system consists of the fuel tanks, the lines from the 
tanks to the carburetor, the strainers, hand pmps, engine-driven 
pijinps, relief and by-pass valves, shut-off cock, primers, pressure 
gages and any other accessories which insure a proper supply of fuel 
to the engine. Strictly speaking, the carburetor is also a part of 
the fuel system, but this item is of such great importance that a 
separate chapter has been devoted to it. 

The Civil Aeronautics Authority makes the following require- 
ments with respect to the capacity and feed of the fuel system: 


"The fuel capacity shall be at least 0.15 gallons per maxi- 
mum (except take-off) horsepower for which the airplane is certi- 
ficated. Air-pressure fuel systems shall not be used. Only 
straight gravity feed or mechanical pumping of fuel is permitted* 
The system shall be so arranged that the entire fuel supply may 
be utilized in the steepest climb and at the best gliding angle 
and so that the feed ports will not be uncovered during normal 
maneuvers involving moderate rolling or side slipping. The system 
shall also feed fuel promptly after one tank has run dry and a- 
nother tanlc is turned on. If a mechanical pump is used, an emer- 
gency hand pump of equal capacity shall be Installed and avail- 
able for Immediate use in case of a pump failure during take-off. 
Hand p-umps of suitable capacity may also be used for pumping fuel 
from an auxiliary tank to a main fuel tank." 


The air pressure system referred to in the preceding paragraph 
was used at one time on airplanes in which the tanks were mounted 
below or at some distance from the carburetor. The gasoline was 
forced to the carburetor on to a separate gravity tank, by pumping 
air into the fuel tank, maintaining a pressure of several pounds per 
square inch. The two chief objections to this system are: first, in 
case of a leak in the line between the tank and the engine, the gas- 
oline is sprayed all over the engine compartment - and in case of a 
crash such a leak would be almost sure to occur; and second, it is 
extremely difficult to keep the tanks airtight, particularly aro^d 
the filler cap* Loss of air, of course, means that the pressure will 
not he maintained and accordingly the fuel will not be 
carburetor. The combination of the pronounced fire hazard with the 
almost equally dangerous possibility of a forced landing, due to 
loss of air pressure, caused the Dept, of Commerce to prohibit 
Urely tS usrof th^ air-pressure system. The gravity ani mechanical 
pump systems will be discussed in detail below. 


force of KraTdty, and the tank, or tanka, must necessarily be well 
above the level of the carburetor. Such a system, incorporati^ two 
L in m- I- It lionia lom. In mind th.t ms 

drnwlne 1. . dlsgrm md tb.t the part, are n.e.s.mij 
or In accurate relationship to each other. In other words, the fuel 
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lines may b© led around any obstructions or arranged conveniontly 
so that the shut-off cocks, strainer and any other accessories are 
within reach of the personnel. When two tanks are used, it is cus- 
tomary to conduct the fuel from each tank to a single "three-way" 



shut-off cock which, by proper setting of the handle, permits fuel 
to be used from either or both tanks or shuts both off comitletely, 

The great advantage of the gravity system is its simplicity, 
with consequent reduction of weight and possible failure. No pimips, 
relief valves, or other mechanical parts are required. The piping is 
much more direct than In the type of system which uses a mochmilcal 
pump. The elimination of the items mentioned obviously decreases 
weight, expense, and the possibility of mainmctloning always associ- 
ated with any mechanlam. The chief disadvantage of the gravity sys- 
tem is that the tanks must be placed fairly high with nispect to the 
carburetor. This practically eliminates the use of this ayatem in 
low-wing monoplanes, since a tank in the fuselage' Is seldom high e- 
nough to provide a proper head or pressure at the carburetor. In the 
case of a biplane or hlgh-wlng monoplane, the tanka are usually in- 
stalled above the fuselage, in the wing. Wing tanks are, as a ml©, 
rather flat in proportion to their capacity. This Is an inefficient 
shape. ]?Mrthermore, filling tanks in the wing Is inconvenient fmd 
necessitates a great deal of climbing over the airplane with possi- 
ble damage to the cowling or other relatively frail parts of the 
structure. 

MECHAKIC^ PUMP SYSTEMS 

X typl^l "fuel system which embodies an engine-driven pump and 
which is recommended by Pratt & Whitney Aircraft la shown in Fig. II* 
In this system, the fuel la led from the tank through a strainer and 
a hand pump to the engine-driven pump, which Is moxuited directly on 
the engine and is driven through gears by the crankshaft* An engine- 
driven pump of this type usually requires "priming" by the hand 
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puiTip* ^ This should not be confused, with the priming of the engine 
itself o The mechanical pump ia not capable of any large amount of 
suction until it is filled with fuel. 


BLOWER ^ 3 CYLINDERS 
PRIMED" Fll ilNGS & PIPES 





Mechanical pumps are capable of delivering far more fuel than 
the engine can burn. Accordingly, the fuel is pumped through a pres- 
sure relief valve « This valve is controlled by a spring, the com- 
p r e s s i o n o f which may be adjusted. As soon as the pressure on the 
carburetor reaches a certain pre-determined amount, the valve opens 
and permits the excess gasoline to be taken back to the tank or to 
the feed line between the tank and the pump. In addition to the re- 
lief valve, a by-pass valve is provided which makes it possible to 
supply fuel to the engine by means of the wobble pump when the en- 
gine pump is not pumping. Such provision is necessary to insure a 
flow of fuel in case of failure of the engine pump and also to fill 
the carburetor prior to starting. The by-pass valve permits the fuel 
delivered by the hand pump to pass around the engine pump, through 
the relief valve, and thence to the carburetor. The two valves men- 
tioned are frequently incorporated in the housing of the pump and 
will be discussed in detail later. 

The advantages of the system Just discussed are: first, a uni- 
form pressure at the carburetor may be maintained, regardless of the 
level of the fuel in the tanks; second, the tank may be located in 
almost any position with respect to the engine; third, abnormal man- 
euvers are less likely to affect the flow of fuel. it is for these 
reasons that practically all military airplanes use this system. The 
disadvantages are: first, the increased weight of the system due to 
the incorporation of the pump and other accessories, and the extra 
piping needed for return lines; second, the ever-present possibility 
of mechanical failure, dirt in the relief valve, etc. 
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T Ai'lK "J'fL hM:' 

Tht” Civ'll Aeronautic a Autnorlty makea tno fo.llowliig I'Oqulre- 
ments'i witn respect to Tual tanka: 

’*EHcii rue] tank ruu-ill bo pi'Oviat.ui with eltiaor n aimip and 
drain located at the p^^lnt wihcii is lowest when the alrijlane la 
in a noiwil pcu'^ition on the Kround o t‘ outlet.^ at thts bot.tom of 
tlie tank provided with larre mear. tMn/.-or atrauiara» IT a auni}! is 
pro^thiod j tiui luaia fuel suppl.y ahal] ncd. be drawn Vi'um llitt butlom 
of the aiunp. If no nraup* ,1s p-rovidtKl ti'C apni-tnn tiraln aiiali be 
controllable ih-oiri the pilot *s oomi-artmont /mil ahai] act as, a tank 
drain. Each tank :;hall be suitably ve'ute.d ft^oui tiie top' pjortion of 
the air apace* duch air vent a ahal] be ao arranged an to luinlmi^ie 
the poasibility of stot>paKe by dirt or ict^ .f’onii/iid.nn . 'Alien large 
fuel tanka are used, the else ol' tin,*, vout tuluts aiiould be propor- 
tioned so as to permit i-apld changtis in ! nta.; rsni I air prcaaure bo 
occur and thereby fu'‘evtint collapse of the tanka In n stee}) glide 
or diva. Tanks of 10 gallons or luoia.: eapacltiv .‘.nhall I,h' prwided 
with internal baffles unlean nuU-able fO<t.er'!iaJ anpnord; la px»vl- 
ded to resist surging. 

”Kual tanks shall be capjibJe uV nc aii Internal 

test pressure of isi. poumia per square inch wlttiout. fal.lurt! or 
leakage. ihial t;an.ks of large cap-aclt.y which iiaxu* a :na:>:in:uiu fuel 
depth greater tluin h feet shall be invi'st. h-ptt<’d I'ni* ti.r p.ressure 
developed during the maxlimun limit accele rat! <.'n vv.! th full tanks. 
Tanks sitall be so deslgued^^ and the riV'-dn; or ’.v'd.dr> so lo^nated, 
as to resist vibration f?iil\ires or leakage. 

'’A satisfactoi'y gaitV;'. eiiall be so iusta!.l<si on sli slrilfmea 
as to readily indicate to a pdlut oi‘ flight fJiec.hanir ),»r- ipnaility 
of fuel in each tank while Jn flight. yUan t.wi» or m(u*e i.aaks a,it‘e 
closely interconnec tod oikI Vinittu!, and It la imposrdirle to feed 
from each one separately;, only one fuel-lrfVel gaugr^ a*, rd be in’- 
stalled. If a glass phutige is useci, it shall be aiilt.atiiy ^ rota-cted 
against breakage . 

"All .filler opKmlugs in tlie rt,u\l r.yatem rlihll be P’,laiuly 
marked with the capacity and the word Udiol*. Pia»vi r.lun rlnUl ba 
made to prevent any av6r(‘low from entering the; wln,t^, ur fusel age." 

The sump rafex'red to in the requlx'ementa g,l von at'ove is either 
a marked depression or else a small extension nckied to tdic l)ottora of 
the tank. Its purpose is to provide a low point in which any dirt or 
water may collect, and from which foreign matter may b© cirainad by 
means of a drain cock or plxig. It la for this reason that the main 
fuel supply may not be drawn fi»om the bottom of the sump. In the ab- 
sence of a sump the system must be so designed that this foreign 
matter may be readily drained by the pilot, either on the grcuind or 
in the air. 

By "surging" is meant a sudden nxsh of fuel from one end or 
side of th© tank to^ the other, caused by abrupt maneuvers or saver© 
air bximps. Unless the tank is built to resist this sudden strain, 
leaks are likely to develop. Surging may ba prevented by breaking 
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th.© tank into a nuiaber of compartments by means of **baffles** or 
walls of metal from one side of th.e tank to th.e otlier* Tb.e baffles 
are perforated so as to allow the gas to flow freely but not abrupt- 
ly through them and serve the double purpose of retarding the flow 
until it is below the d^ger point and of reinforcing the tank. 

In performing a tight bank or in pulling out quickly from a 
steep dive, there is a great increase in the load carried by all 
parts of the structure, due to the centrifugal force. This increase 
is referred to as "acceleration” and is measured in terms of grav- 
ity, Thus, an acceleration of "3g" means simply that the effective 
weight of every item in the airplane is increased three times. Under 
this condition the bottom of the gas tank must carry not merely the 
normal weight of a fuel but three times this weight. When it is re- 
membered that an acceleration of 7g or more may be encountered in 
violent maneuvers, the reason for the requirement referred to is 
readily understood. 

Brass and Terneplate Tanks - In some of the early airplanes 
fuel tanks were made of brass , This material has been discontinued 
on accoiint of its cost and weight. Terneplate, however, which is 
sheet steel "tinned" on both sides, is still found in a few of the 
Inexpensive sport ships. Its advantages are its low cost and the 
simplicity of construction and repair. Its chief disadvantage is its 
weight , 



Terneplate tanks are riveted and soft- soldered at the seams. A 
^^•f-v.4- ’••sed, in which cas.e only a few rivets are re- 

^quired. Such a joint is shown in Pig. I. Repairs 
-are extremely simple. If a leak occurs at a 
joint it may be readily stopped by running a 
little soft solder over the spot with a solder - 
ing iron. Caution; Under no circumstances^^liould 

a torch be used on a tank which has ever ooQ~ 

tained gasoline , except with special provisions, to be explained la- 
l;er , Ii the leak is in the side, bottom or top of the tank, a patch 
must be put on as described in the following paragraph. 


I 


Making Tank Patches - If the tank has been damaged in some flat 
section, such as on tbe sides, bottom, or top, it may be repaired by 
using a soldered, a riveted, or a machine -screwed patch. The sol- 
dered patch can be used to repair small holes. If the hole is much 
larger than 2" in diameter, a riveted patch should be used. If it is 
impossible to buck the rivets from the inside, then, of course, a 
machine-screwed patch is used. 


The first step in making a patch is to clean the damaged area 
of the tank to facilitate both a thorough inspection and a satisfac- 
tory repair. If the injury is simply a crack, it was probably caused 
by the metal having been strained at that point. To prevent a con- 
tinuation of the cracking after the repair has been made, a small 
hole should be. drilled at each end of the crack. In some cases it 
may be advisable to remove a small portion of the tank material to 
relieve any existing strain. If the damage has-been caused by chaf- 
ing, enough of the tank material should be removed so that no part 
of the chafed area remains. If the tank has been puncttired, enough 
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iiiet:i"i i-?houid t)f/ t ronu liie oijtin.in^’: iut=u a (i«jtMs\itt‘ nhapo; 

squaati^ rect anKiul ra% ov^ r!'errrn[)lv, el rculH.r« It" liiere are any 
donta isea;r tae ;la.maar'd r rt.'U’iu they ahtaij.ii br, at ra,! -iral « Ve.^ry 

oft.e!. t;h!a eftii be d.nr.e }:^y inai-rt 1 r.j**: one i ron^-" ol‘ an ],- bucldng 
;i,T"on inla'i ilio htalu fuui r.upp^od; In/’* tdia doidoai ar<.?a froin benaa,th, 
.fe’tentbly laar-pltir tdie r:Ut :!(!<■ vvd tii n wooden inaJiot, Caution: Toc^ iraach 
hnmn!«‘i'1 lip r^tiadudi fuui thin mot.ai and catnu,' It to iaickio. 

ir a eojpe!' rate!. 1;\ t.fj bt!- u.'uai it nhi'Uiti t-r. >: 0 .‘ ruot.a;,] wiilch 
in one oi* two rtaer.*' htuavior tb.an tdie tank inaltudai and aianuld be 
auf iM.ciont.l y ’iar.ot? to exi.f.Uid rroin l;*b" t.o h/r-” t)otV«'*od the c..ad;a,ldo of 
tiio tiolo nil around. ‘Phe edron of tiie natch anoiho! bo foaldiored, or 
bevelled with a f ,11,0.9 fui ahowu in Kir. li. 


JjSLCilh 
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...'Tl 


dolatt. 


/^/Cjr jr - Socoe/s P^TCH 


T^.aM 


Before n aoldertui imt.cii can be .app.Lled, botdi tiio under edgos of 
the patch and tiie area on ttie tank over wliicii the patch .is to be 
placed 9 shcailr! be tlrmod. Ki>r iuoro specific directions on soldering 
see Chapter IV. It is well to remember, in this connecti c»n, that It 
requires conslderabl<j heat to tin any po.rtlon of the tank as the 
heat from tdie soi dering iron Is quickly conducted away from tiie por- 
tion being tinned. Kor this reason it is desirable to use a three or 
four pound iron* After trh© 
tank and the patch have been 
thoroughly tinned and all 
excess solder wiped off with 
a clean cloth, a very thin, 
evenly distributed coat of 
solder should be applied. 

After this has cooled, the 
patch should be placed on 
the tanlc, taking care to 
center it over the hole. The 
uae of pencil lines to serve 
as a centering guide is rec- 
ommended* The actual at- 
taching of the patch is ac- 
complished by ’’sweating^* the 
Joint* This is done by hold- 
ing the patch onto the tank 
in^the proper position with 
a stick and then holding the 
hot soldering iron on the 
top of the patch until the 
solder inader the patch is 
thoroughly melted* To com- 
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plate the job solder is run around the feathered edge of the patch. 

f riveted patch is to be used it should be of the same ma- 
il as the tank and should be large enough to overlap on 

1 5/8" « The center line for the rivet spacings 

the edge of the patch and the rivets should be 
These locations should be center punched and 
drilled for 1/8 rivets. See Pig. m. The rivets should be of ma- 

harder than the tank. After the patch has been 
drilled it should be carefully centered over the hole in the tank. 
A hole ^ slightly less than l/8” in diameter should be drilled in 
tne ta^, using the patch as a guide. a small Parker Kalon metal 
screw is driven in this hole to prevent the patch from slipping. A 
second hole is then drilled and the patch secured with another 
screw, after which the rest of the holes may be drilled full size. 
Before removing the patch, a mark should be placed on the rim of the 
patch and a corresponding mark directly opposite on the tank. This 
is so the patch may be replaced in exactly the same position. The 
patch may now be removed and used as a template in making a gasket 
of vellumoid or flannel. The patch is now ready to b© riveted in 
place. Naturally the rivets will be inserted with the head on the 
inside of the tank and must be carefully bucked while being riveted. 


Machine -screwed patches are the most difficult to make but are 
often the only type it is possible to use. The patch itself should 
be laid out in the same manner as for the riveted patch, with the 
exception that the drilled holes are either b/ss" or 3/l6^f to fit 
either a #8 or #10 machine screw, respectively. If a #10 machine 
screw is used it is not necessary to space the holes closer than 
1/2”. The patch should serve as a guide for drilling the holes in 
the tank as described above. 


Next a frame should be made to hold the machine screw nuts. 
This frame should be of thin gage steel or copper, from l/32" to 
l/l6”, and is made to the same outside dimension as the patch with a 
frame thickness of 1/2”. The patch should also be used as a guide in 
drilling the holes in the frame, and the drilling position marked so 
that the same position can be used when the patch is assembled. Af- 
ter the frame has been drilled, nuts, of the proper size to fit the 
screws being used, should be soldered in line with the holes. 

Considerable difficulty is often experienced in soldering the 
nuts to the frame. However, if the following procedure is followed 
carefully the job will be simplified. First one side of the frame is 
tinned and then coated with a thin film of solder. Next the under 
side of the nuts are tinned, taking care not to run the solder into 
the threads. The actual soldering of the nuts to the frame is best 
done by first inserting the screws in the frame from the untinned 
side and starting the nuts on each screw. By this means perfect a- 
lignment is assured and in addition, when the frame is held in a 
horizontal position, the weight of the screws holds the tinned sur- 
faces together. With the frame supported in this position, the nuts 
may be soldered in place by holding a clean soldering iron on the 
top of the nut until the solder between the nut and the frame is 
melted, or by heating the entire frame with a torch. 
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After the nuts are soldered securely^ tiie e.crewa should be x^e- 
moved and the thx'caiis tn the nuts cleaned with, n Tiie ends of 

machine screws may then be gix)und to a r'oliit , as fsn aid in 

starting them when the patch 3 s asscmblefU ] 3' trie tltreads ar“e tight 
in the n\5t they may be cleaned with a die. 


The frame is inserted Into the 
at one point and starting one and in 
frame around until the ent;l.i*e frmiie 



o O 


tank by first cntt.ing tdic .frfane 
t.he tank, titan toixmlng the 
is inside. Nattirnlly it must be 
hold in p'usltlnn wUdt n .fin- 
ger until one sci’cw is In- 
sox^ted^ pat-ch menriwiille 

being swung to urso side to 
allow room ftu* t;lu'> finger. 
This proccdtire is illusixnt- 
6(i In Pig. IV, 

The patcfi Is now screw- 
ed in I'daca, using a suit- 
able gasket coated with 
shellac on both td.des. Care 
should be taken to make sure 
that the marks on t.lie tank, 
frame and fuitch eoliicide. 
The machine r,cx*aws may b© 
sai’et.,1 Oil by aoiderlng tf.elr 
heads t.o t-ho pa ted t. 


Auot.fu'vr iltrm mach- 
ine- sr !*ewftd patcdi cum be 
used, altdirilgli It j,S liOt 
(}Uite ns jusat. This p.atcdi is 
made In turn mannet' described 
above but the m ac hi ^ solclored to tht^ frame no that when 
the fr^xme la inserted'" in' 'the" tank the screw shanks extend outside. 
The gasket and patch are placed over the screws and secured with 
nuts. The nuts may be safetled with a lock washer or a small drop of 
solder. Many mechanics consider this type siiparKn' to t.hat Hn which 
the nut© are soldered to the frame. 




Aluminum Tanks - The great majority of l\u)l tanka arc made of 
al\milnxm7'’'''^orcTf-w^ at the joints* Aluminum tanka weigh only a- 
bout half as much as teiTieplate tanks of equal capacity, gurthomore 
they do not rust, as temeplate may after long usa. The elder disad- 
vantage of aluminum tanks is that they rather hard to repair 
without special equipment. It is possible to mend a leak in tha wall 
of the tank by using a steal frme such as that descxdbeci in the 
preceding paragraph. However, a repair of this type should b© used 
only until there is an, opportunity to remove the tank imd have a 
patch welded in place. 

It is of course necessary to use a torch in welding on a patch 
or In making repairs at a joint. This work should be done only by an 
expert aluminum welder. The tank should be thoroutghly blown out with 
live steam, and even then there is a poasiblllty of an explosion. 
Live steam is used because its heat tends to eva])ora..te imy gaeolln# 
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md its pressure to blow out tbe riimes* j^n alternative method is to 
rill the tank completely with carbon tetrachloride (fire extinguish- 
er liquid) and drain ito The importance of these precautions canhot 
be over-emphasized^ as cases have been known of tanks which had been 
ejBpty for six months^ and which had been washed out with water ^ 
blowing up when the torch was applied* After repairs have been made, 
the tank should be thoroughly washed out with gasoline to remove any 
traces of the carbon tetrachloride or condensed steam* 

Duralumin Tanks - Duraliomin, or strong aluminum alloy, has a- 
bout twice the strength and stiffness of the aluminum ordinarily 
used In welded tanks* Henc® it is natural that some manuf acturers 
prefer to use it, since the thickness of the metal, and consequently 
the weight of the tank can be reduced* However, duralumin presents 
difficulties with respect to welding, as the heat of the torch de- 
stroys its strength properties and at the same time renders it much 
more susceptible to corrosion* Accordingly, most duralumin tanks are 
riveted at the joints* To prevent leakage, a special seam compound, 
not affected by gasoline, is used where the lap is made* In addition 
some sort of gasket material, usually strips of tape or canton (cot- 
ton) flannel, is often laid along the seam, between the sheets, be- 
fore they are riveted together* This method of construction is more 
expensive than welding; thus the situation resolves itself into a 
compromise between reduced weight and increased expense, as is so 
frequently the case in aircraft design* 

Leaks at the seams of dural tanks may be repaired by removing 
the rivets in the affected area, forcing additional seam compound 
into the joint with a knife blade, and riveting again with the next 
larger size of rivet. If no rivets are available, machine screws may 
be used as a temporary measure* Leaks in the wall of the tank must 
be repaired either by riveting on a patch (if the damage is near e- 
nough to the filler neck to permit the use of a bucking tool), or by 
using a steel ring with machine screws soldered to it as previously 
described* 

Stainless Steel Tanks - Tanks made of stainless steel are prob- 
ably the most expensive type* However they have many advantages. The 
material is highly resistant to corrosion, is extremely strong, 
(about three times as strong as duralumin) and, if need be, may be 
soldered readily by using the proper soldering flux, as described 
previously* Stainless steel tanks are ordinarily spot-welded at the 
joints* Spot-welding consists of holding the metal sheets together 
by means of two electrodes and passing a ciirrent of electricity 
through the electrodes and the sheets. The metal Is fused together 
at one spot - hence the name of the process. By overlapping these 
spots, a continuous weld Is produced, which is absolutely gas-tight 
and extremely strong. The welding may be done with great rapidity by 
special machines, and probably for this reason is often called ”shot 
welding , ” 

Stainless steel tanks may be repaired just as those made of 
temeplate - that is, by soldering on a patch of the same material 
with soft solder, or by riveting or bolting on a patch. Leaks seldom 
occur at the joints, but if they do, may be stopped by the use of 
solder, applied with an iron. 
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seen In Pig. I, Sometimes e cable, suitably paddecl, Is used instssfl 
of tbe strap shown in this Illustration. Heedless to say, the tum- 
hucltle or other means of adjustment should be securely safstled. 
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FEEL LINES, FABRICATION MD INSTALLATION 

The requirements of the Civil Aeronautics Authority with re- 
spect to fuel lines are as follows; 

*’A11 fuel lines and fittings shall he of sufficient size so 
that under the pressure of normal operation the flow is not less 
than double the normal flow required for take-off engine powers A 
test for proof of compliance with this requirement shall be made. 
All fuel lines shall be so supported as to prevent excessive vi- 
bration and should be located so no structural loads can be ap- 
plied. Bends of small radius and vertical himips in the lines 
shall be avoided- Copper fuel lines which have been bent shall be 
annealed before installation. parts of the fuel system attached 
to the engine and to the primary structure of the airplane shall 
be flexibly connected thereto. Flexible hose connections and fuel 
lines shall have metal liners or the equivalent. Fittings shall 
be of a type satisfactory to the Secret aiy." 

The size of the tubing required for any installation may ordin- 
arily be determined by noting the connection on the carburetor. The 
reason for requiring that the piping be supported so as to prevent 
vibration is that copper (or any other material from which fuel 
lines are likely to be made) will tend to harden, crystallize, and 
ultimately crack, as a result of vibration. Bends of small radius 
may cause the same trouble, also they tend to restrict the flow of 
fuel. Vertical humps in the line, whether the humps are up or down, 
are likely to produce an air or vapor lock and cut off the flow of 
fuel at a crucial moment. Copper lines are annealed after bending 
because any working of copper causes it to harden, and it is desir- 
able to have the metal as soft as possible when it is originally in- 
stalled. The process of annealing is described later. The flexible 
connections referred to may be either special gasoline hose of rub- 
ber and fabric construction or corrugated metal piping. Both of 
these will be discussed in more detail later. 

Types of Fittings - A pipe fitting is a small metal part used 
for connecting pieces of tubing to a tank, a carburetor, an access- 
ory (such as a pump), or to another piece of tubing. Classifying 
fittings with respect to the manner in which they are attached to 
the tubing, there are three main types, known respectively as flared 
fittings, compression fittings, and soldering fittings. Each of 
these is subdivided into a large niomber of designs, such as elbows 
(frequently called "ells”), unions, tees, nipples, reducing coup- 
lings, etc. A number of such designs are shown in Fig. I. A male end 
is one which is threaded on the outside, a female end is threaded on 
the Inside. The threads may be pipe threads, which are tapered so 
that they tighten as they are screwed in and which make the connec- 
tion to the carburetor, accessory, tank, or to another fitting. Or 
they may be machine threads, which receive the coupling nut or union 
nut . 

Pipe fittings were originally designed for heavy iron water or 
gas pipe, in which the size of the pipe is designated with respect 
to its inside diameter. The tubing used for fuel and oil lines in 
aircraft is designated by its outside diameter. As a result there is 
frequently some confusion in the beginner* s mind as to the size of 
the fittings used on the various sizes of copper, al\aminum or 
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duralumin tubing. The table below glvwa the outnlde diameter of the 
moat oommon sizes of tubing used In fuel imci oil lines with the cor- 
responding size of the pipe fitting reqvilrod. 


Tubing diameter 

1 / 8 " 

3/16" 

1/4" 

6/16" 

3/8" 

1 / 8 " 

6 / 8 " 

3/4" 

7/8" 

1 " 

1-1/4" 


Si ze of pipe fi tting 
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However, it should he remembered that this table refers only to the 
that the diameters of the sleeves and nuts discussed 
below must be such as to fit the tubing properly. 

In Fig. II the three 
main types of fittings as 
manufactured by the Lunken- 
heimer Co., are illustrated 
in half- section. Each view 

shows a union with a pipe 
thread on one end and a ma- 
chine thread, to receive the 
coupling nut, on the other. 
The outside of the large 
portion of the union is hex- 
agonal, as is also the union 
nut. The size of the hex is 
such as to fit a standard 
open end wrench. The flared 
fitting is shown in illus- 
tration A, the compression 
fitting in B, and the sold- 
ering fitting in C. In all 
illustrations the union is 
labelled (a), the nut (b), 
and the pipe or tubing (c). 
The compression fitting, 
seals the joint by means of 
the wedge cone, (d), which 
crushes the tubing slightly 
as the nut is screwed down. 
This fitting is objected to by some on the ground that the tubing is 
likely to crack at the point where it is compressed. The soldering 
fitting uses a tail, (ej, which is silver- soldered to the tubing. 
This type of fitting is considered the most reliable of all, but is 
more difficult to make because of the silver-soldering, and cannot 
be used on aluminum or duralumin tubing since these metals cannot be 
soldered satisfactorily. 

Fig. Ill shov/s sections of flared fittings manufactured by the 
Parker Appliance Co., the standard type being illustrated in A and 
the "triple tube" type in B. The triple tube fitting is used where 
it is necessary to make connections in close quarters, since the 
tubing extends a much shorter distance into the fitting and hence 
can be more readily removed. 

BEHDING AND FITTING FUEL LINES 

The tubing from which fuel lines is made may be copper, alumin- 
um or duralumin. If either of the last two is used, the fittings 
must be of the flared or compression type. Regardless of the mater- 
ial from which the tubing is made, it should be in its dead soft 
condition before any work is done on it, and, as previously men- 
tioned, copper should also be annealed after it has been bent and 
before it is installed. Copper is the heaviest of the three mater- 
ials mentioned, but probably the most reliable, and furthermore, may 
be soldered. Duralumin is the lightest, for although its weight per 


A) Jb) 
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cubic incb is slightly more than that of aluminum it is much 
stronger, thus permitting the use of a lighter gage* 


Ma king Patterns 



Except in the case of large production 
ders the fuel lines 


or- 
are 

usually bent and fitted 
’•on the job”; that Is^ 
without accurate draw- 
ings of the individual 
pieces. Unless the bend 
is extremely simple, a 
pattern is usually es- 
sential, such a pattern 
is usually made from 
soft brass or aluminum 
rod, about 3/l6” in di- 
ameter, If no such ma- 
terial is available, 
discarded tubing, pref- 
erably not more than 
1 / 4 ” in diameter, may 
be used. 

Before bending the 
pattern an excellent 
plan is to mark it at 
Intervals of 6”, 5", or 
1”, depending on the 
circumstances. After it 
has been bent and fit- 
ted, these marks may be 
counted and the length of the tubing necessary to makr the finished 
piece closely determined. This practice eliminates a great deal of 
waste. 




The pattern material should be bent so that it fits accurately 
where the tubing is to be installed. Great care should be taken to 
see that the ends are directly in line with the ends of the parts to 
which the piece is to be connected, as otherwise there will be diff- 
iculty in assembling the joints. 

Preparing Tubing for Bending - As previously stated, tubing 
which is to be bent must be in a dead soft condition. If the mater- 
ial is duralumin, it may be obtained from the manufacturer in the 
fully-annealed state. If it is not, it must be annealed in a regular 
furnace. As this kind of annealing is a foiro of heat treatment, it 
does not come within the scope of the mechanic *s duties. The dead- 
soft requirement also applies to aluminum, though a fair job of 
softening this material may be accomplished by heating it with a 
gasoline blow torch until it will char soft wood rubbed against it, 
then allowing it to cool slowly. 

Copper tubing is annealed by heating it to a dull red and 
quenching it in water. However, the quenching should not be attempt- 
ed unless the quenching tank is large enough to allow the entire 
piece to be immersed at one time. If such a tank is not available. 
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the metal should simply h© allowed to cool. In the latter case, the 
annealing is not as thorough as when proper quenching may be done^ 
but the tubing will be soft enough to bend easily and will at least 
be uniforro. Quenching only part of the piece at a time is undesir- 
able as some portions will be softer than others. Another method of 
annealing is to us© an oxy-acetylene torch set so that an excess of 
acetylene is being supplied^ The flam© is passed along the 'tub© un- 
til it is thoroughly and evenly blackened, or smoked* The flame is 
then adjusted properly and the carbon deposit on the tube burned 
off* 


The next step is to remove all kinks or small bends from th© 
tubing o These are not likely to be foimd in duralumin tubing, but 
frequently occur in copper or aluminum. The tubing should be 
straightened as much as possible by the use of th© hands alone. It 
should then be laid on a perfectly flat smooth wooden surface and 
rapped sharply with a flat piece of wood or a wooden paddle, mean- 
while rolling it back and forth. This rolling and rapping should be 
continued until the tubing is perfectly straight. Another method is 
to clamp the tubing between blocks which are grooved so that they 
exactly fit it. Large factories are usually equipped with straight- 
ening machines which eliminate both of the methods just mentioned, 
but such machines are seldom available to the field or service mech- 
anic . 


If the tubing is to be bent without the assistance of any of 
the special equipment described in succeeding paragraphs, and if its 
diameter is more than 3/16", it must be filled with some material to 

prevent buckling and flattening where the bends are made. There are 

three such materials in common use; sand, rosin and bending alloy. 
This last is an alloy of lead, tin and other metals and melts at a 
temperature of 160*^ to 180^P., depending upon th© exact composition. 

Sand is, of course, th© most readily obtainable of these three 
and will be found satisfactory in most cases. The procedure is sim- 
ple. After the tubing has been straightened, one 
end is securely plugged with a wooden plug or an 
ordinary cork bottle-stopper; or else the end is 
mashed flat in a vise, doubled back over itself and 

again squeezed tight, as shown in Pig. I. Pine, 

sifted sand is poured into the other end through a 
funnel. As the sand is being poured in, the tubing 
should be tapped gently with a flat paddle to make 
the sand pack as tightly as possible. When the tube 
has been entirely filled, the open end is plugged, 
care being taken to leave no appreciable unfilled 
space. The bends are then made, as discussed later, 
the plugs removed or the ends of the tubing cut 
off, and the interior of the tube cleaned thorough- 
ly, preferably by rinsing with water and drawing a 
clean rag through the entire length by means of a 
wire. If copper tubing is used, it should be re-annealed. The ends 
are then cut properly, as described in a succeeding paragraph. 

If the filler is rosin, one end of the tube should b© pliagged 
or flattened as mentioned above. The rosin is melted in a clean 
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ladle and the tubing heated by means of a gasoline blow-torch so 
that the rosin will not solidify without completely filling the 
tube. The rosin Is then poured in and allowed to harden. The tube 
should be held at an angle of about 46^ while it is being filled so 
that the rosin will run down one side of the inner wall. After the 
bends have been made, the rosin is melted out by means of a torch or 
other source of heat, great care being taken to have the temperature 
high enough to melt every particle of the filler. The heat should be 
applied at the open end first. If the tube is heated in the central 
portion while the rosin is still hard at the ends, an explosion may 
occur. In the case of copper tubing, this melting-out process also 
serves to anneal the metal. 

The most satisfactory filler for bending tubing is the bending 
alloy previously mentioned. The Parker Appliance Co. has developed 
an alloy, called ”Tuballoy*S which is especially designed for use in 
the fabrication of fuel and oil lines. In making bends which are 
complicated or of small radius, this .material is particularly desir- 
able. Although it is somewhat more expensive than sand or rosin, it 
may be used over and over indefinitely. The procedure when using it 
is much the same as that followed with rosin. The alloy should be 
melted in a clean ladle set in boiling water, in the fashion of a 
double boiler, to prevent overheating. The tubing is plugged at one 
end and filled with boiling water. The Tuballoy is then poured into 
the tube, forcing the water out. This insures the alloy being kept 
hot and the tubing being completely filled. The tubing is then held 
xmder cold running water, or Immersed, to chill the alloy. The bend- 
ing operation is performed just as in the case of the rosin, and the 
Tuballoy removed by heating the tube in steam or boiling water. Tub- 
alloy sometimes shows a tendency to tin the inside of copper tubing. 
This may be prevented if the Inside of the tube is oiled with engine 
oil before filling. 

Bending and Finishing Tubing - After the tubing has been pro- 
perly ?llled7 it should be bent to fit the pattern accurately. This 
work may be done with the hands alone except in the case of very 
large tubes. However, it is highly desirable to provide bending 
blocks with suitable radii. These blocks are made of wood, cut to 
the proper curvature and preferably grooved to fit the tubing which 
is being bent. Particular care should be taken to keep the tubing 
straight between bends, as otherwise a sloppy appearance will re- 
sult. In other words, after the job has been finished the shape 
should consist of a series of arcs connected by straight lines, with 
no kinks or irregularities between the arcs. In general, the radius 
of bends should be not less than three times the diameter of the 
tubing* 

After the tubing has been bent, the ends must be cut 
to fit accurately In place and the cut must be perfectly 
square. The cut may be made with a hacksaw or with a spec- 
ial tubing cutter. If the hacksaw is used, a block of 
wood with a V-shaped groove will be found helpful in 
holding the tube while sawing. Fig. II shows a tube cut- 
ter manufactured by the Parker Appliance Co. To use this 
tool, the tubing is laid on the two rollers and the cut- 
ting wheel screwed down lightly against it. The cutter is /vgfvZT 
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then rotated around the tube in a counter-clockwise direction, mean- 
while maintaining a light, even pressure on the cutting wheel by 
means of the screw adjustment. It is usually desirable to cut the 
tubing before the filler has been melted out, so that if minor bends 
are necessary after cutting there will be no danger of buckling. 
When the ends have been cut, the piece should be tried in place to 
make sure that it will fit. This check having been made, the filler 
may be removed as previously instructed, 

Yi/hen the inside of the tube has been cleaned, any burrs on the 
ends should be removed with a pocket knife or machinist's scraper. 
The outside of the tube should then be polished with steel wool or 
fine emery cloth, taking great care to allow no steel chips or dust 
to enter the tube. Identifying bands of color may then be painted 
two or three inches from each end. Most airlines have their own sys- 
tem of colors, but as a rule the fuel lines are marked with red 
bands, oil lines with yellow, and water or air with white. After the 
marking paint has dried, the entire outside should be given a coat 
of varnish, Lionoil or clear lacquer. 



Bending Devices - There are several devices 


it possible to bend tubing 


without the necessity of filling it. The sim- 
plest of these is merely a coil of steel wire, 
shown in Pig, III, The inside diameter of the 
coil is, of course, the same as the outside di- 


ameter of the tubing. In making 
the bend, the coil is slipped on 
the tube which is then shaped 
with the hands to the proper cur- 
vature, with or without the use 
of a bending block. After the 
bend is made, the coil is removed 
by twisting and pulling it at the 
same time, against the spiral to 
avoid unwinding the spring. 

The use of the Parker Hand 
Tube Bender is illustrated in 
Pig. IV, In order to understand 
the following instructions, as- 
sume that the bender is laid on 
the bench with the marked side of 
the sheave block up, the round 
handle extending to the left, and 
the flat handle to the right, 
approximately in the position 
shown in B, The flat or right 
handle is then swung up and to- 
ward the left as far as it will 
go, and the tube retaining clip 
lifted. The bender will then ap- 
pear as in A. The tubing is drop- 
ped into posTtion as shown in the 
same illustration. The retaining 
clip is dropped over the tube and 
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ladle and the tubing heated by means of a gasoline blow-torch so 
that the rosin will not solidify without completely filling the 
tube. The rosin is then poured in and allowed to harden. The tube 
should be held at an angle of about while it is being filled so 

that the rosin will run down one side of the inner wall. After the 
bends have been made, the rosin is melted out by means of a torch or 
other source of heat, great care being taken to have the temperature 
high enough to melt every particle of the filler. The heat should be 
applied at the open end first. If the tube is heated in the central 
portion while the rosin is still hard at the ends, an explosion may 
occur. In the case of copper tubing, this melting-out process also 
serves to anneal the metal. 

The most satisfactory filler for bending tubing is the bending 
alloy previously mentioned. The Parker Appliance Co, has developed 
an alloy, called ’^Tuballoy’', which is especially designed for use in 
the fabrication of fuel and oil lines. In making bends which are 
complicated or of small radius, this -material is particularly desir- 
able. Although it is somewhat more expensive than sand or rosin, it 
may be used over and over indefinitely. The procedure when using it 
is much the same as that followed with rosin. The alloy should be 
melted in a clean ladle set in boiling water, in the fashion of a 
double boiler, to prevent overheating. The tubing is pl\jgged at one 
end and filled with boiling water. The Tuballoy is then poured into 
the tube, forcing the water out. This insures the alloy being kept 
hot and the tubing being completely filled. The tubing is then held 
under cold running water, or immersed, to chill the alloy. The bend- 
ing operation is performed just as in the case of the rosin, and the 
Tuballoy removed by heating the tube in steam or boiling water. Tub- 
alloy sometimes shows a tendency to tin the inside of copper tubing. 
This may be prevented if the inside of the tube is oiled with engine 
oil before filling. 

Bending and Finishing Tubing - After the tubing has been pro- 
perly billed, it should fee bent to fit the pattern accurately. This 
work may be done with the hands alone except in the case of very 
large tubes. However, it is highly desirable to provide bending 
blocks with suitable radii. These blocks are made of wood, cut to 
the proper curvature and preferably grooved to fit the tubing which 
Is being bent. Particular care should be taken to keep the tubing 
straight between bends, as otherwise a sloppy appearance will re- 
sult. In other words, after the job has been finished the shape 
should consist of a series of arcs connected by straight lines, with 
no kinks or irregularities between the arcs. In general, the radius 
of bends should be not less than three times the diameter of thf^ 
tubing . 

After the tubing has been bent, the ends must be cut 
to fit accurately in place and the cut must be perfectly 
square. The cut may be made with a hacksaw or with a spec- 
ial tubing cutter. If the hacksaw is used, a block of 
wood with a V-shaped groove will be found helpful in 
holding the tube while sawing. Pig. II shows a tube cut- 
ter mantifactured by the Parker Appliance Co. To use this 
tool, the tubing is laid on the two rollers and the cut- 
ting wheel screwed down lightly against it. The cutter is florJI 
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then rotated around the tube in a counter-clockwise direction^, mean- 
while maintaining a light, even pressure on the cutting wheel by 
means of the screw adjustment. It is usually desirable to cut the 
tubing before the filler has been melted out, so that if minor bends 
are necessary after cutting there will be no danger of buckling. 
When the ends have been cut, the piece should be tried in place to 
make sure that it will fit. This check having been made, the filler 
may be removed as previously instructed. 

?\fhen the inside of the tube has been cleaned, any burrs on the 
ends should be removed with a pocket knife or machinist's scraper. 
The outside of the tube should then be polished with steel wool or 
fine emery cloth, taking great care to allow no steel chips or dust 
to enter the tube. Identifying bands of color may then be painted 
two or three inches from each end. Most airlines have their own sys- 
tem of colors, but as a rule the fuel lines are marked with red 
bands, oil lines with yellow, and water or air with white. After the 
marking paint has dried, the entire outside should be given a coat 
of varnish, Lionoil or clear lacquer. 


Bending Device s - There are several devices 
^ avairabTe which make- it possible to bend tubing 
without the necessity of filling it. The sim- 
plest of these is merely a coil of steel wire, 


shown in Pig. m . The inside diameter of the 
coil is, of course, the same as the outside di- 


ameter of the tubing. In making 
the bend, the coil is slipped on 


the tube which is then shaped 
with the hands to the proper cur- 
vature, with or without the use 
of a bending block. After the 
bend is made, the coil is removed 
by twisting and pulling it at the 
same time, against the spiral to 
avoid unwinding the spring. 

The use of the Parker Hand 
Tube Bender is Illustrated in 
Pig. IV. In order to understand 
the following instructions, as- 
sume that the bender is laid on 
the bench with the marked side of 
the sheave block up, the round 
handle extending to the left, and 
the flat handle to the right, 
approximately in the position 
shown In B. The flat or right 
handle is then swung up and to- 
ward the left as far as it will 
go, and the tube retaining clip 
lifted. The bender will then ap- 
pear as in A. The tubing is drop- 
ped into posTtion as shown in the 
same illustration. The retaining 
clip is dropped over the tube and 
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the flat handle pulled around to the position shown in B. The mark 

on the block end of ^e flat han- 
dle will line up with the zero 
degree mark on the sheave blocks 
The flat handle is then pulled a- 
round as shown in C until the 
mark on the block end of the flat 
handle reaches the desired degree 
mark on the sheave block, (in C 
this is ninety degrees.) To re^ 
move the bent tube^p the flat han- 
dle and clip are brought back to 
the position shown in A# and the 
tube lifted out. 

Where a great many tubes are to be bent, especi- 
ally in production work, where there are many pieces 
with the same form, a bench bender of the type shown 
in Pig. V is often used. The general principles in- 
volved in its use are the same as in the hand bender. 

However, the average engine mechanic is not likely to 
have such a machine available* 

Attaching Flared Fittings - The next step in mak- 
ing fuel lines consrsts of attaching the fittings. The 
Parker Appliance Go. manufactures a number of tools 
for flaring tubing for the flared type of fitting. In 
Pig* VI are shown the successive operations in flaring 
a tube with a Ball . Type flaring tool. The nut is 
slipped on the tube and the tube allowed to extend a- 
bout l/l6” beyond the nut, which is then gripped in a 
vise. The flaring tool is inserted to the point where 
its taper begins. The tool is then rotated inside the 
tube, pressing outward and downward until the tube is 
flared to fit the nut. A slow circular motion with a 
firm even pressure should be maintained. The operation tit— =~ r 

should not be continued after the tube has 
been flared to fit the nut, as the tubing may 
be thinned unnecessarily. After the flaring 
has been completed, the outside nut which is 
a part of the flaring tool may be screwed 
down on the tubing nut to produce a better 
fit. In the case of the triple tube coupling, 
the sleeve, as well as the nut must be put on 
before the flaring is begun. Another type of 
flaring tool is shown in Pig. VII. This model 
is known as a Combination Flaring Tool since 
it can be used on a number of diff- 
erent sizes of tubing. In using 
this tool, the tubing is clamped 
securely in the flared hole which 
fits it, the flaring pin is set o- 
ver the tube and struck a n-umber of 
light blows with a hammer until the 
tubing is properly flared. It is 

desirable to rotate the flaring pin 'VITT 
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while it is bein^ struck. Fig. YIII-A shows a correct flare. In B> 
the end of the tubing has not been cut square and an unsatisfactory 
job has resulted. In too little tubing was allowed to extend be- 
yond the nut, and the flare is too shorty with the possibility of 
causing leaks or of the tube pulling out if any force is exerted 
upon ito 

Attaching Compression Fittings - The compression type of fit- 
ting is probably the easier to attach, but, as previously seated, 
is the least satisfactory of the three, from the standpoints both of 
reliability with respect to leaking and cracking, and . of frequent 
disassembly. Once the joint has been broken, there is always a poss- 
ibility of a poor fit when it is reassembled. 

The attachment or "making up” of this type of fitting is ex- 
tremely simple. All that is necessary is to cut the tubing square at 
the end, slip the nut and the wedge cone on, in the order named, 
force the tubing solidly into the union so that it is in contact 
with the shoulder inside, and screw on the nut. Only experience can 
teach one just how tight to draw the nut. If it is too loose, the 
joint will leakj if it is too tight, the tubing is crushed more than 
is necessary. One method of checking the tightness of the joint is 
to assjemble the fitting loosely, turn on the fuel so that the system 
is filled and then tighten the nut just enough to stop the leak. 

Attaching Soldering Fittings - If joints are to be broken and 
reassembled frequently, ^thls type of fitting is the most satisfac- 
tory, since neither the nut nor the union is in contact with the tub- 
ing. However, it must be remembered that soldering fittings cannot 
be used on alixminum or duralumin tubing, nor on any other material 
to which silver solder does not adhere. 

To attach the fitting, the tubing is cut square and the nut and 
imlon tail slipped on. The tail is then brought flush with the end 
of the tubing and silver- soldered in place. The cone of the tail is 
placed in the conical seat of the union and the nut screwed on. This 
completes the assembly. Soft solder may be used in an emergency, 
care being taken to tin the tubing thoroughly at the point where it 
is in contact with the union tail. However, soft solder is not con- 
sidered sufficiently dependable for aircraft work, and hence is not 
recommended. Instructions for silver-soldering have been given in a 
previous chapter. 

Flexible Pipe Connections - Referring to the C.A.A. require- 
ments at tbe beginning of this section, it will be noted that flex- 
ible connections of some type must be installed between the engine 
and the remainder of the structure. In other words, any fuel line 
which is directly connected to the engine must be equipped with a 
flexible joint to lessen the danger cf crystallization due to engine 
vibration. 

Flexible connections are of two general types; rubber or syn- 
thetic rubber hose, and specially constructed flexible tubing. Hose 
connections are cheaper and somewhat lighter, and hence are more 
common than the special tubing. The hose must be gas -resistant, as 
ordinary rubber deteriorates rapidly when exposed to gasoline or 
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oil* One of the most popular makes of ^gas hosa^% as it is conmonly 
called^ is manufactured under the trade name of “Reoprene^^® 

Fittings which are made to be used with hose are usually beaded 
at the unthreaded end, as illustrated in Pig« I of the preceding 
section® Also shown in this figure is a hose liner, which must be 
used on the inside of the piping when hose connections are made, to 
keep the fuel from coming in contact with the hose® Hose clamps have 
been discussed in a preceding chapter® When making hose connections 
in large tubing the ends are sometimes beaded with a special ma* 
chine, or else a ring of wire is soldered near the end of the tub© to 
keep the hose from slipping off and to insure tightness of the 
joint. This practice is frequently omitted on tubing less than l/2” 
in diameter® 

Making a joint by means of a hose connection is a simple job® 
The ends of the tubing are cut absolutely square and the burrs re- 
moved. The hose, about 3” long, is slipped on one tube just past the 
end and the two hose clamps, loosened to the limit, put on the hose. 
The hose liner is inserted in one of the pieces of tubing and the 
other piece then pushed on the liner, so that the ends of the tubing 
should bear snugly against the shoulder. The hose is then pushed o- 
ver the joint so that the ends of the tubing are located approxi- 
mately in the center of the piece of hose. (Moistening the tubing 
slightly will make the hose slide more freely.) The hose clamps are 
located near the ends of the hose and tightened securely. This com- 
pletes the joint. 

One of the most popular types of flexible tubing is manufac- 
tured "under the trade name of ”Titeflex." This tubing is made of a 
strip of thin metal spirally wound into a convoluted tube which is 
protected on the outside by a braid of narrow strips of bronze. A 
longitudinal section of the tubing, with fitting attached, is shown 
in Pig* IX-A and an enlarged section of one convolution in B. This 

Jk 


tubing is very flexible and durable, and absolutely gas-tight. While 
it is possible for the mechanic to attach the fittings, it is better 
to order pieces of the proper length with fittings attached by the 
manufacturer, since the tubing is of special construction, standard 
pipe fittings naturally cannot be used, fittings of a special type 
being supplied by the tubing manufacturer. 

Installation of Fuel Lines - Careful work in the bending and 
fitting of fuel lines will be offset if the installation is not made 
properly. In this connection, there are several points which should 
be borne in mind. First, vibration of the tubing must be checked as 
much as possible. This is accomplished by supporting it wherever it 
passes near a substantial member. The support may be simply friction 
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tape wrapped around the tubing and the member. More satisfactory, 
however, is a small metal clamp which fits the tubing and which may 
be screwed or bolted to the structure. When such a clamp is used, 
the tubing should be protected by several wraps of friction tape, of 
vellumold, or by a piece of split hose, at the point where the clamp 
is to be located. This same method of protection against chafing 
should be used wherever the tubing is in contact with any other part 
of the ship. Tape should be given one or two coats of shellac, es- 
pecially if it is used as an attachment. 

Second, the lines must be installed so that they can be removed 
without disassembling the airplane, since it is necessary to anneal 
them at regular intervals, preferably of about 100 hours of flying 
time. This precaution may seem so obvious as not to require special 
mention, but it often happens that a thoughtless mechanic, Install- 
ing the lines before the plane is entirely assembled, fastens a 
clamp in some location which is entirely inaccessible after assem- 
bly. Another point to remember is that fittings which are screwed 
together should never be assembled with shellac, red lead, or any 
other gasket seal which hardens on the threads. If such materials 
are used, it may be found impossible to unscrew the fittings at some 
future date. On the other hand, it is desirable to coat the threads 
with some of the special compounds such as Parker^s ’^Sealube" on 
aluminum fittings, or "Gaslube” on brass. If these are not avail- 
able, a small quantity of ordinary grease may be used. 

Third, the lines should be parallel whenever possible, both be- 
cause they are easier to trace when so installed, and because the 
appearance of the job is greatly improved. Furthermore, a number of 
lines may be supported at a common point, by using a clamp designed 
to hold them all with one or two bolts or screws. 
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RELIEF AND BY-PASS VALVES 


As a rule# relief and iDy-pass valves are not needed in a grav- 
ity fuel system. Tliey are essential, however, in a system which uses 
an engine-driven fuel pump. The engine pump will invariably supply 
far more fuel than the engine can possibly use. This being the case, 
it is obvious that some means must be provided to dispose of the 
surplus fuel and to relieve the carburetor of excessive pressure. 
The relief valve, when installed in the line between the pump and 
the carburetor permits fuel to be pumped to the latter until a cer- 
tain pressure, usually from six to ten lbs. per sq® 
in., has been built up, upon which the valve opens 
and allows the extra fuel to pass back into the tank 
or into the feed line between the tank and the pump. 

A simple relief valve is shown in Fig. and a dia- 
grammatic cross-section of a relief valve, pump, and 
by-pass valve illustrated in Fig. II. 

The by-pass valve is necessary in systems em- 
ploying an engine-driven pump in order that fuel may 
be pumped around the engine pump by means of the hand 
pump in case the engine pump breaks or for any other 
reason fails to function. It is also necessary to permit pressure to 

be built up on the 
carburetor for start- 
ing the engine. As 
previously explained, 
systems which use an 
engine pump must in- 
corporate a hand 
pump for emergency 
and starting purpos- 


The principle 
of operation of the 
by-pass valve is 
shown in the diagram 
in Pig. II. When the 
hand pxamp is not be- 
ing operated, the 
ball remains on the 
seat, being held 
there by the spring. 
Since the ball fits the seat accurately, there is no danger of the 
suction of the engine pump being destroyed. As soon as the engine 
pump becomes inoperative, either due to failure, or because the en- 
gine is not running, the hand pump is used and the pressure of the 
fuel forces the ball up, allowing the fuel to pass around the engine 
pump. When either the hand pump or the engine pump is operating, the 
fuel must go through the pressure relief valve. As long as the pres- 
sure remains under the predetermined amount, the fuel passes direct- 
ly by the valve. However, as scon as the pressure on the carburetor 
exceeds that for which the relief valve is set, the fuel forces the 
ball away from the seat, against the load of the spring. This allows 
the fuel to pass back to the tank as indicated and relieves the 
pressure at the carburetor. The pressure at which either the relief 
valve or the by-pass valve will open may be regulated by acrewiiag 
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the cap down against the spring. 

As pointed out above, the illustration in Pig, II is purely 
diagrammatic, In most cases the two valves are incorporated in one 
housing. This housing may carry only the valves, or it may be a part 
of either the hand pump or the engine pump. 

These latter combinations will be illustrated 
along with the various types of pumps. A com- 
bination of the two valves apart from a pump 
is shown in Pig, III. It will be noted that 
this unit provides connections for the primer 
and fuel pressure gage as well as for the oth- 
er lines discussed above. The most common 
practice, however, is to incorporate the 
valves in the pump casting. 

The pressure at which relief and by-pass 
valves operate is determined by strength of 
the spring and by the amount by which it is 
compressed, The operating pressure may be ad- 
justed within reasonable limits by screwing 

down on the spring retaining nut to increase, 

or by backing off on the nut to decrease the pressure. TfilTriut may 
be inside the housing immediately under the hexagonal cap, or, in 
some cases, the cap itself may be used as a means of adjustment. The 
cap is ordinarily provided with a small hole through which a piece 
of safety wire may be passed for locking it in the desired position. 
Needless to say, the cap should always be locked properly by passing 
wire through the hole and attaching It to some other portion of the 
fitting. 




204 


AIRCRAFT ENGINE MAINTENMCE 


FUEL PUMPS 


HAND OR "WOBBLE PUMPS” 

The simplest fom of hand pimip is il- 
lustrated in Pig* I. The hand piamp is used, 
as previously explained, for starting or e- 
mergency purposes. The type shown in Pig. I 
incorporates no other accessory. The handle 
is provided with holes by means of which an 
extension rod may be attached for operating 
the pump at some distance from the pilot *s 
seat. Such an arrangement is often desir- 
able to cut down the length of the fuel 
lines. The pump is operated simply by mov- 
ing the handle back and forth through ap- 
proximately 100^, the movement giving rise 
to the name '’wobble” pump. 

Pig. II shows a hand pump which, be- 




its additional access- 
ories, is referred to as *'a fuel 
unit.” It will be noted that the 
housing includes a by-pass valve, 
a strainer (the cylindrical por- 
tion below the body of the pump), 
and a connection for the primer. 
Strainers will be discussed in 
more detail later. 


CaorTtay Uft'Atc/ Pi~oc/u<Tf 0 ». 
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corporating his own fea- 
tures, but the general 
idea is the same in all 
of them. Some types in- 
clude, in addition to the 
accessories shown in 


The hook-up of this type of 
fuel unit is Illustrated in Pig. 
III. The fuel supply comes 
through a fuel cock (to be de- 
scribed later) which, in this 
case, provides for connections to 
three fuel tanks. The fuel enters 
the strainer and, under normal 
conditions, passes out at the top 
of the unit to the engine pump, 
and from there through a relief 
valve to the carburetor. The ex- 
cess from the relief valve is led 
back to the fuel unit from which 
it again passes around to the 
pump. When starting the engine, 
or when the engine pump is for 
any reason not functioning, the 
fuel leaves the pump at the con- 
nection marked "BY- PASS*' and 
passes directly to the carbure- 
tor. There are many styles of 
fuel units, each manufacturer in- 
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Fig* lip ^ relief valve, a connection for tlie pressure gage, and a 
shut-off cock» However, a knowledge of the principles of the fuel 
system will enable the mechanic to make the proper connections. 

engine-drivesj pumps 

Gear Pumps - Engine-driven pumps are of two general types; gear 
pumps and vane pumps . The simplest type of gear pump is shown in 
Pig* IV* This pump does not include any of the relief or by-pass 
valves and consists simply of two gears, the rotation of which car- 
ries the liquid through the pump. It should be remembered that the 
path of the liquid is not between the gears but around the outside, 
as indicated in the diagraii shown in pig. V* Through ignorance of 



this fact, inexperienced mechanics sometimes connect such pumps 
backwards® Gear pxamps can produce very high pressures, and for this 
reason are used almost universally for oil pumps as well as fuel 
pumps a They are not capable of any .great amount of suction, particu- 
larly when they have not been primed by means of a hand pump. ” Prim- 
ing*’ in this Instance simply means starting the liquid flowing 
through the pump. When the pump is full of liquid, the liquid itself 
tends to prevent air from leaking between or around the outside of 
the teeth and causing loss of suction. Engine-driven pumps are bolt- 
ed directly to a pad provided on the engine crankcase, the square- 
ended shaft of the pump fitting a corresponding socket in another 
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shaft which is driven through gears by the engine crankshaft. The 
weight of these px^mps is in the neighborhood of two poimds and the 
horsepower required to operate them is negligible. 




Vane Pumps - The ROMEO solid-vane fuel pump, including by-pass 
and relief vSves is shown in Pig, VI- This pump may be used in 

either direction, that 
is with the shaft, s, 
rotating either cloc’E- 
wise or counter - 
clockwise. However, 
when the direction of 
rotation is changed 
the function of the 
valves is also chang- 
ed, the by-pass valve 
becoming the relief 
valve and vice versa. 
If the shaft, £, is 
assumed to rotate 
counter-clockwise, the 
fuel will enter the 
port, a, and leave by 
these conditions, the 
as the relief valve, 
becomes the by-pass 
the fuel 
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the port, b. Under 
lower valve, 1, acts 
and the upper valve, u, 
valve. When the pump is operating, 
entering at a is picked up by the vane, v, 
which is rotated in an eccentric housing, e, 
by the shaft, _s. The shaft is slotted to re- 
ceive the vane which is free to slide back 
and forth in this slot. The ends of the vane 
which bear on the housing are provided with 
rubbing strips, indicated by the small half- 
round sections at the ends of the vane. The 
fuel, having been picked up by the rotating 
vane, is held between the vane and the hous- 
ing, almost as though the vane were a small 


paddle wheel or bucket, and is carried around the shaft to the port 
b. Having reached this side, there is nowhere for the fuel to go ex 
cept out of the port, which leads to the carburetor. 


However, as soon as pressure is built up on the carburetor, all 
of the fuel on the right-hand side of the pump, including that con- 
tained in the housing between the shaft and the port, b, is natur- 
ally under the same pressure. This pressure acts against the face, 
of the relief valve, pushing it back against the spring, This 
spring is set, as previously described, to produce the desired pres- 
sure on the carburetor. When that pressure is exceeded, the valve, 
f, moves away from the seat, h, and the fuel passes back to the left 
side of the pump housing and goes through the pump again. This elim- 
inates the necessity for any overflow line back to the fuel tank. 

If the pump is not running, as when starting the engine, or if 
the pump shaft is broken, the fuel la forced by the hand pump 
through the inlet, a. Having entered the pump housing, since the 
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shafts is not notating^ the fuel obviously cannot pass around the 
shaft o Neither can it pass through the lower valve, 1, as pressure 
on the left side of the pump tends to close this valve rather than 
open it, Vi/hen the hand pump has produced a predetermined pressure, 
(which is lower than that required by the carburetor) the upper 
valve, u, is forced open and the fuel passes through this valve and 
out to the carburetor by means of the port, b. 

This pump, just as the gear pump, is bolted directly to the en- 
gine crankcase and driven by the square end of the pump drive shaft. 
It requires little maintenance and if complete overhaul becomes nec- 
essary it should be returned to the factory. 


PESCO split-vane engine-driven fuel pump is illustrated in 
. Pig. VII with cross-sectional views in 

Pig. VIII. This company manufactures a 
number of different styles of pumps, 
shown being, perhaps, of the 
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type most commonly used. The parts of the pump are labelled In Pig. 
VIII, a study of which will show that the general principles of op- 
eration are similar to those of the ROMEO pump just described. The 
relief valve is of the sylphon type, the sylphon consisting of a 
corrugated metal tube, referred to in Pig. VIII as the "Bellows As- 
sembly." Due to the construction of the pump, it is impossible to 
show the relief and by-pass valves in the same view. The by-pass 
valve consists of a series of small ball check valves, two of which 
may be seen in the longitudinal section on the right of Pig. VIII. 
The relief and by-pass valve assembly may be removed from the pump 
as a unit and reversed so as to provide for the operation of the 
pump in either direction. It is essential that the side of the valve 
housing marked "INTAKE" be located on the intake side of the pump as 
otherwise the relief valve will not function properly. This pump is 
provided with two drain bosses, to the lower of which a l/4" drain 
pipe should be connected and led to the outside of the airplane. At 
the top of the pump is a connection from which a line may be led to 
the blower section of supercharged engine. The pump is mounted on 
the engine in the same manner as those previously described. 

In Pig. VIII the valve assembly is mounted for a clockwise ro- 
tation of the pump. The fuel enters the port at a and is carried a- 
round the rotor and out of the port, b. The rotor consists of a hol- 
low shaft, slotted to receive the four vanes and driven by a flex- 
ible connection which terminates in a square end or attachment to 
the engine pump drive. The vanes are prevented from moving too far 
toward the center of the hollow rotor shaft by the pin shown in the 
drawing. When the fuel has passed through the pump, and pressure has 
been built up on the carburetor, the pressure on the pump housing 
(on the left side of the cross-section in pig. VIII) forces the 
valve open against the sylphon and allows the fuel to pass to the 
right side and go through the pump again. Vfhen the pump is not oper- 
ating, the hand pump forces the fuel in the port, a, and up into the 
.chamber which carries the relief valve. As the hand pump builds up 
pressure, the relief valve is held more tightly closed but the ball 
check valves, shown in the longitudinal section in Pig. VIII, are 
forced open and the fuel is allowed to pass out through the port, b. 
The fuel pressure is adjusted by loosening the lock nut (See pig. 
VIII) and turning the adjusting nut. Tightening, or turning this nut 
clockwise, increases the pressure; loosening it, decreases the pres- 
sure. The elasticity or springiness of the sylphon also tends to 
hold the valve shut, its effect varying with the pressure of the 
outside atmosphere, since air is admitted through the small hole in 
the center of the adjusting nut, (shown in section A- A, Pig. VIII). 
As in the case of the ROMEO pump, little maintenance is necessary 
and overhaul work should be done either by the factory or an author- 
ized service station. 
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MISCELLAWBOPS FUEL SYSTEM ACCESSORIES 


SHUT-OFF VALVES 

When an airplane Is provided with only one fuel tank, the shut- 
off valve may he extremely simple. However, the valve should be 
smooth and easy in operation yet at the same time 
absolutely gas-tight. For this reason fuel valves 
are usually provided with tapered, cork-surfaced 
cores, held against the seat by spring pressure. 
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Wliere more 
than one tank is 
OFF used, the shut-off 
valve must be so 
designed that any of the tanks can be used at the 
choice of the pilot. Two of the valves manufactured 
by the United Aircraft Products, Inc., are shown in 
Pig. I. The type E permits the use of two tanks, A 
diagram of the internal passages of this valve is 
shown to the right of the illustration. By referring 
to this diagram it may be seen that there are two 

”0PP^^ positions, 
and that either 
one or both of the 
tanks can be used. 
Type U is intended 
for use where three tanks are installed. The center 
^ y. of the valve is hollow and a passage leads from this 

a hollow center to the rim. This passage may be turned 

to any one of four positions, thus allowing the use of any one of 
the tanks or permits turning all of them off. The yokes shown pro- 
vide for a universal joint between the shaft which turns the valve 
and the handle, as these valves are usually Installed 
at some distance from the pilot »s cockpit. The valves 
should be mounted to some solid portion of the struc- 
ture by means of the flange. The operating handle, an 
example of which is shown in Pig. II, is ordinarily 
mounted on the Instrument board or in some other loca- 
tion accessible to either pilot. The shaft from the 
control handle in the cockpit to the valve is ordinar- 
ily of steel tuhlng, approximately l/2" in diameter, 
the size depending, of course, on the length. 

F^JCSrJL 




PRIMERS 

There are several types of primers on the market, one of the 
most common being that manufactured by the Lunkehheimer Company. 
Primers may be adapted for use with one or more engines, pig. I il- 
lustrates a Lunkenhelmer primer for a three-engine installation. The 
primer is usuadly Installed on the instrument board, simply by bor- 
ing a hole throTigh the board large enough to take the barrel of the 
primer and another to fit the shaft for the shut-off cock. The bar- 
rel of the primer is threaded so that a nut may be tightened down a- 
galnst the Instrument board from each side, thus holding the primer 
firmly in place. 


The primer is nothing but a simple hand pump. When the plunger 
is drawn out, fuel is sucked into the barrel through a check or one- 
way valve. When the plunger is pushed in, this valve closes and the 
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fuel Is forced out through an- 
other check valve to the prim- 
ing connection on the engine « 
The plunger of the primer is 
provided with a small project- 
ing pin which fits a notch in 
the packing nut . The plunger 
is pushed home with the pin 
lined up with the notch* After 
the pin enters the notch^ the 
plunger is rotated half a turn 
and is then locked against o- 
pening accidentally. Howevepj, 
vibration sometimes causes the 
plunger to work around until 
the pin lines up with the notch 


and the plunger springs out. This may 
cause a leakage of fuel through the prim- 
ing line to the engine, producing a rich mix- 
ture which may cause engine failure. P^or this rea- 


son, a shut-off is supplied, which should alwa’^’-s be 
turned to the *’0ff*' position when the engine is running. 


Primer lines are usually of copper l/8" in diameter. 

The feed line is led from a connection on the fuel system. 

This connection may he made to the fuel line proper, at 
any point where the fuel is under pressure, or it may be embodied in 
the hand pump or strainer, as previously described. The outlet line 
from the primer is led to the priming connection on the engine, some 
engines provide a connection in the rear of the blower section, 
while others have connections on several of the cylinders. The loca- 
tion of this connection on any particular engine can be determined 
only by an examination of the engine in question. 


STRAINERS 

Strainers of adequate capacity must be located between the fuel 
tanks and the engine, and should be in some location which renders 
them accessible for inspection and cleaning. Strainers are frequent- 
ly provided with a drain leading outside the cowling, which may be 
operated by the pilot and by means of which any accumulated dirt or 
water may be drained while in flight without disassembling the 
strainer* The strainer consists of a cast aluminum alloy housing in 
which is a screen of wire gauze. The fuel ordinarily enters the 
strainer near the bottom or half way up the side and leaves it at 
the top, after passing through the gauze. A typical strainer in- 
stallation is illustrated in Pig. I, which also shov/s the method of 
removing the gauze screen for cleaning. The drain is also indicated 
in this illustration. In this case the drain is not operated from 
the pilot *s cockpit. Needless to say, the drain and the nut which 
holds the gauze screen in place should be carefully safetied, as if 
either should become loose, the fuel might not reach the engine and 
a forced landing might result* 

Strainers should be cleaned with gasoline and compressed air, 
or with a soft bristle brush; never with a wire bmish. The sediment 
should he Inspected for foreign matter which might Indicate 
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deterioration somewhere in the fuel system. All gaskets should he 
carefully inspected before replacing them, and after the strainer 
has been reassembled and safetied, the fuel should be turned on to 
see that there are no leaks. If the system is of the pressure type, 
the hand pump should be operated so as to put pressure on the 
strainer and connections. 



CHAPTER 8 
LUBRICATION 


With respect to the lubrication system, engines may be divided, 
as previously mentioned, into two general types, known respectively 
as the wet sioap and the dry sump. In the wet sump engine, the oil is 
carried in the crankcase and no external tank is necessary. All 
automobile engines are of this type. In dry sump engines the oil 
supply is carried in a separate tank, and is returned from the sump 
to the tank by a scavenger pump as fast as it passes through the en- 
gine. PracticalYy all modem aircraft engines are of the dry sump 
type. It is obvious that no appreciable amount of oil could be car- 
ried in the crankcase of a radial engine without flooding the cyl- 
inders, and in the case of an in-line engine it is desirable to keep 
the crankcase free of oil which would run into the cylinders in the 
case of inverted flight or other acrobatic maneuvers. Apart from the 
matter of oil storage, the lubrication principles of both the wet 
and the dry sump engine are the same and since the wet sump is so 
rare in aircraft use it will not be discussed further. 

THE EjCTERNAL OIL SYSTEM 

Aeronaut ics~ Authority Requirement s . The Civil Aeronautics 
Authority makes ttefolloTifl^^ requirements "Tor lubrication systems: 

’‘Each engine shall have an independent oil supply. The oil cap- 
acity of the system shall be at least 1 gallon for every 16 gallons 
of fuel for single- engine aircraft and 1 to 20 for multi-engine air- 
craft but shall not be less than the minimum specified by the engine 
manufacturer for safe operation of the engine. A special ruling 
concerning capacity will be made by the Secretary when oil may be 
transferred between engines in flight or when a suitable reserve is 
provided. The suitability of the lubrication system shall be demon- 
strated in flight testa in which engine temperature measurements are 
obtained. The system shall provide the engine with an ample quantity 
of oil at a temperature suitable for satisfactory engine operation. 

“Oil tanka shall be suitably vented and shall be provided with 
an expansion space which cannot be Inadvertently filled with oil. 
Such expansion space shall be at least 10 per cent of the total tank 
volume, except that it shall in no case be less than one-half gallon. 

“oil tanks shall be capable of withstanding an internal test 
pressure of 6 pounds per square inch without failure or leakage. 
Tanks shall be so designed and the rivets or welds so located as to 
resist vibration failures and leakage. 

“A suitable means shall be provided to determine the amount of 
oil in the system during the filling operation. 

“Oil piping shall have an inside diameter not less than the in- 
side diameter of the engine inlet or outlet and shall have no 
splices between connections. Cojinections in the oil system shall be 
of a type satisfactory to the Secretary. 

“One or more accessible drains shall be provided at the lowest 
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point on th.© lubricating systems to drain completely all parts of 
each system when the airplane is in its normal position on level 
ground. Such drains shall discharge clear of all parts of the air- 
plane and shall be equipped with suitable safety locks to prevent 
accidental opening. 

”A suitable means shall be provided for measuring the oil tem- 
perature at the engine inlet. 

"All filler openings in the oil system shall be plainly marked 
with the capacity and the word »oil*.” 


A few words of explanation with respect to these requirements 
may be desired. As regards the vents, it is usually customary to 
lead the vent line back to the engine crankcase so that if there is 
any tendency for the oil to foam out of the vent, it will not be 
wasted. Most engines provide a connection on the crankcase for such 
a vent. Since the crankcase is vented through the breather to the 
outside atmosphere, air can readily pass through the vent line to 
the tank. The reason for the expansion space is that oil expands 
when (it is) heated and if the tank were entirely full of cold oil, 
a large quantity would be forced out of the vent after the engine 
warmed up. If the vent led directly to the outside air, this oil 
would be lost, whereas if the vent line were connected to the crank- 
case, the engine would be flooded with oil, quite possibly to the 
extent of causing engine failure, due to fouled spark plugs. 


The gage referred to may be nothing more than a rod or strip of 
metal attached to the filler cap and marked or stamped to indicate 
the amount of oil in the system. This type of gage is probably the 
most satisfactory. 


Due to the large size of oil lines and the desirability of les- 
sening vibration, the connections are usually made with special fuel 
or oil hose. The method of 
making the connection is 
the same as that described 
for hose connections in the 
chapter on fuel systems. 

The drains should be as 
large as practicable, for 
oil is extremely viscous, 
particularly when cold, and 
unless a large opening is 
provided, a great deal of 
time would be required to 
drain the system. 


Oil System Diagram - A 
typical oil system, as rec- 
bramended by the Pratt & 
Whitney Company, for use 
with their engines is shown 
in Fig. I. It will be noted 
that this system incorpor- 
ates an oil cooler and a 
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separate automatic oil temperatiare control unit* In many installa- 
tions these two items are combined. In the system illustrated# the 
oil is led from a tank directly through the temperature control to 
the inlet connection on the engine. The return line also passes 
through the temperature control but its course from there on depends 
upon the temperature of the oil. When the oil is cold, a thermostat- 
ic valve in the control unit causes the oil to pass directly back to 
the tank to a point very near the feed line coming from the tank. 
This means that a comparatively small amount of oil is in circula- 
tion, and hence tends to warm-up quickly. As soon as the temperature 
reaches the desired point, which is in the neighborhood of 140^ F. - 
167° F., the oil is directed to the oil cooler, from which it is led 

to the upper part of the oil tank. The oil cooler is simply a radia- 

tor, such as the radiator used on automobiles or on liquid-cooled 
aircraft engines. It will be noted that in this installation, the 
tank is vented through the crankcase and that the required amount of 
expansion space is mentioned on the drawing. The oil pressure gage, 
indicated in the diagram, is mounted on the instrument board, or at 
some point easily visible to the pilot. An oil temperature gage is 
also necessary and is usually Installed at or near the engine outlet 
so that the outlet oil temperature is indicated. Some manufacturers 
recommend Installing a temperature gage on the inlet side of the en- 
gine, while in still other cases a gage is connected at both the in- 

let and the outlet so as to give even more accurate indication of 
how the lubrication system is functioning and whether or not the en- 
gine is becoming unduly hot. 

Oil Tanks - Everything that has Ig^een said in connection with the 
construction and repair of fuel tank'4 applies also to oil tanks. The 
chief differences between fuel and oil tanks are that the oil tanks 
have a smaller capacity, must be made much stronger and can be re- 
paired with less hazard, due to the fact that a torch can be used on 
them with little danger of blowing up the tank. They are mounted in 
the same general manner as fuel tanks, but are usually on the engine 
side of the firewall, so as to eliminate extensive piping and be- 
cause oil is not explosive. 

Oil Lines - Oil lines are made from the same materials and in 
the same general manner as fuel lines. The chief difference is that 
oil lines are always much larger in diameter than the fuel lines of 
a given engine and hose connections are usually employed Instead of 
fittings. The rules for making oil lines are the same as for making 
fuel lines. The same methods of fabrication and the same sort of 
bending devices are used. Oil lines are ordinarily marked near the 
ends with bands of yellow paint, though before applying such marking 
it should be determined whether or not the practice and color is 
customary with the owner of the aircraft . 

Oil Temperature Regulators - In place of the temperature con- 
trol unit illustrated In Fig. I, a special valve is often incorpor- 
ated in the oil cooler and the combination of cooler and valve is 
referred to as an all -temperature regulator. pig. Il shows an oil- 
temperature regulator manufactured by the United Aircraft Products, 
Inc., and incorporating a thermostatic relief valve. When the oil is 
cold it does not pass through the radiating part of the regulator, 
but is led directly back to the oil tank. As the oil warms up, the 



LTORICATIOU 


215 


tliermostat opens the valve and 
permits the oil to pass through 
the cooling core* Another type, 
made by the same company, uses a 
viscosity valve instead of a 
thermostats Since cold oil is 
much more viscous than hot oil, 
this type of valve provides an 
excellent means for controlling 
the temperature by means of the 
viscosity, A third type uses a 
spring-loaded relief valve » Cold 
oil is naturally much "thicker" 
than hot oil and hence requires 
more pressure to be forced 
through small openings. By using 
a pressure relief valve in the 
temperature regulator, the cold 
oil is by-passed around the cool- 
ing unit until its temperature 
has been raised to the desired 
degree. 



iTot/r'/’esjy Unitec^ fitrcroff 7>rtsc/t^cTs , //^c. 
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There is still another type of oil temperature regulator used 
with liquid-cooled engines which operate at comparatively low cool- 
ant temperatures. In this regulator, the engine coolant flows 
through the core in place of air* This has the double effect of 
raising the temperature of the oil to that of the coolant and thus 
warming up the engine more quickly, while at the same time holding 
the oil temperature down to that of the cooling liquid. On chemical- 
ly-cooled engines in which the temperature of the coolant is above 
the boiling point of water, this type of regulator is not suitable. 


On many of the smaller engines the oil cooler consists simply 
of a small radiator without any of the by-pass or regulating valves 
previously discussed. The radiator is usually mounted in such a man- 
ner that the flow of air through it can be controlled by some type 
of shutter. In modern aircraft the radiator is ordinarily inside of 
the engine cowling with an air passage, the opening of which can be 
controlled from the cockpit, leading from the outside air through 
the radiator and back to the outside again. 


External Oil Strainers - In addition to the strainers which are 
Inside of the engine", some engines, among which are the Wright and 
the Jacobs, provide an external strainer on the return line. This 
strainer is of the wire gauze type, somewhat similar to the fuel 
strainer previously discussed, but with a much larger screen area. 
It is put on the return line because the temperature of the oil is 
raised after it has passed through the engine and consequently its 
viscosity has been decreased so that it will flow more readily 
through the screen. If the strainer were placed on the intake side, 
the cold oil would not flow through In quantities sufficient to lu- 
bricate the engine and furthermore would have only the suction of 
the pump to draw it through the screen. Gear pumps, as previously 
mentioned, are not particularly effective in suction and hence if 
the strainer were installed on the intake side, the engine would un- 
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doubt edly be damaged, due to insufficient lubrication when it began 
running* By placing the strainer on the outlet side, not only is the 
oil much thinner, but it is being driven by a gear pump which is en- 
tirely satisfactory for producing pressure. Strainers of this type 
are usually provided with a pressure relief valve built into the 
screen, so that if the oil is too thick to pass through the wire 
gauze, the valve will be forced open before a dangerous pressure has 
been built up. The screen in these strainers should be removed and 
thoroughly washed with a gasoline spray whenever the oil is changed; 
and at the same time the housing or bowl should be flushed out with 
gasoline and wiped clean with a cloth. 


Pig. Ill shows a Cuno Oil Filter which is extremely effective. 
This strainer is self-cleaning and the model illustrated has been 
adapted by the Wright Aeronautical Corpora- 
tion to be operated by the engine instead of 
manually. The construction of the filter em- 
bodies a series of wheel-shaped discs assem- 
bled on a rotatable shaft and separated from 
each other by spacers having a thickness of 
. 0035 ”. These discs are surrounded by a hous- 
ing which is large enough for an appreciable 
space to be left between the walls of the 
housing and the edges of the discs. The oil 
enters the space between the housing and the 
disc and is forced by the e3igine pump be- 
tween the discs, and into the passages made 
by the ”spokes” of the discs. Prom this pas- 
sage it is conducted to the outside oil 
lines . 

The closeness with which the discs are 
assembled to each other prevents foreign 
matter from passing between them and any 
lint, carbon^ or gum, is retained by the 
edges of the disc so that the oil is clean 
when it leaves the filter. This filter also 
incorporates a series of blades, arranged 
very much like the blades of a comb, which 
pass between the discs when the shaft carry- 
ing them is rotated. These blades scrape off /=v<3r-2Zr 

the accumulated residue on the edges of the 

discs and allow it to fall into a sediment pan at the bottom of the 
filter. The entire core and the pan of the filter may be removed 
periodically and cleaned with gasoline. In early models of this de- 
vice, the shaft was rotated by hand, but later types incorporate an 
oil-driven motor which turns the filter core continuously during en- 
gine operation. This motor is entirely self-contained and has no ex- 
ternal controls or pipe lines. By this device the filter is constant- 
ly cleaning itself. The oil motor turns the core at a very slow rate 
but even if it should fall to turn at all, the filter still func- 
tions and insures that clean oil will be supplied for many hours of 
operation or until repairs can be made. 



General Precautions on Oil Systems - When installing oil lines, 
they must be braced against vibration and wear by attaching them to 
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portions of the structure at convenient points* They must also be 
protected against chafing at such locations by wrapping them with 
friction tape, shellacked in place, or by some other protective ma- 
terial* This protective wrapping should be applied wherever a line 
touches any support or other part of the airplane. 

In cold weather the oil tends to congeal In the line, which im- 
pedes its rate of flow and furthemore may reduce its temperature to 
an undesirable point. 

To prevent this chilling, the line should be lagged in some 
manner. One satisfactory method of lagging is to cover the tubing 
with flexible asbestos sheet, held in place by friction tape wrapped 
around it in such a manner that the turns overlap, forming a contin- 
uous coating of tape. The tape is then painted with shellac as usu- 
al. 


If the oil tank is so designed that the oil returning from the 
engine falls more than 10" after entering the tank, considerable 
foaming will be produced® The oil may be so permeated by air as the 
result of this foaming that the oil pressure will drop. The trouble 
can be avoided by designing the connections for the tank so that the 
return oil pipe is slightly below the level of the oil in the 
tank. However, if this is done, it will be necessary to drill a 
small hole in the inlet pipe just after it enters the tank to act as 
a siphon breaker. Another method of eliminating foaming is to ar- 
range for the return oil to be discharged into a sloping trough, 
down which it will run smoothly into the remainder of the oil. 

Oil tanks should be installed so that they are not appreciably 
lower than the pump, since, as previously mentioned, gear pumps are 
not satisfactory for suction. On the other hand, if the oil tank is 
too high, so that an appreciable pressure head is produced on the 
pump, there is likely to be considerable leakage of oil through the 
pump into the engine. This results in a waste of oil and furthemore 
is likely to flood the lower cylinders, necessitating the removal of 
the spark plugs before starting. 

The oil pressure line should be connected to the designated 
fitting on the engine at one end and at the other end to the pres- 
sure gage on the instrument board. On some installations, particu- 
larly where the engines are mounted in the wing, the pressure gage 
line is necessarily of considerable length. As a result, the oil in 
this line may become congealed in extremely cold weather, causing 
the oil pressure gage to give an incorrect reading or even fall to 
register at all. The Wright Company recommends that the pressure 
gage line be filled with an SAE 10-W oil of good quality for cold 
weather operation. After the oil pressure gage line is filled with 
this light oil, all connections should be kept tight to prevent the 
oil from running out. 

INTERNAL OIL SYSTEMS 

Due to the many devious passages through which the oil passes 
in a large radial engine, it is almost impossible to indicate the 
entire circulating system in one scale drawing. Furthemore, the 
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system in each engine is different^ althoiagh the same principles are 
employed in all. Fig« I is a semi -diagrammatic drawing of the inter- 
nal oil system in a modern radial. The crankshaft and crankcase are 



approximately to scale, hut many of the parts are omitted for the 
sake of simplicity. The pumps and relief valve are purely diagram- 
matic and are not in their actual relationship, as regards position, 
either with the engine or with each other. The pressure and scaven- 
ger pumps are usually driven by the same shaft and furthermore there 
9re frequently two or more of each. However, a study of the illus- 
tration with the accompanying explanation should provide an under- 
standing of the principles employed in all aircraft engines. The oH, 
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indicated by the black areas, is draim from a tank, usually through 
a coarse meshed finger- strainer, f, by the pressure pump, This is 
a gear piamp, identical in operatTon with the gear fuel pump illus- 
trated in the preceding chapter, though the gears of the oil pump 
are usually smaller than those used in the fuel pump* The oil is 
discharged from the pressure pump into a passage which leads, event- 
ually, to the hollow interior of the crankshaft, The oil is usu- 
ally introduced into the crankshaft at the rear bearing. The bearing 
is provided with an annulus, or groove, entirely around the interior 
of the bearing* At the point where this groove surrounds the crank- 
shaft, holes are drilled from the outside of the crankshaft to its 
hollow interior* The annulus is, of course, kept continuously full 
of oil by the pump and since this oil is under pressure it is forced 
througn the holes drilled in the crankshaft into the interior of the 
shaft. Other passages may lead from this annulus to the various ac- 
cessoiT- drives, supercharger gearing, and other points that require 
pressure lubrication* The oil can escape from the crankshaft only by 
oozing out between the bearing surfaces* However, the pump is ca- 
pable of building up an extremely high pressure and also of supplying 
a great deal more oil than the engine needs* if too much oil is sup- 
plied, the excess will work up into the combustion chamber and foul 
the spark plugs, as well as producing an undue amoimt of carbon* Ac- 
cordingly, the pressure of the oil must be maintained at a definite 
figure* This pressure is determined by the relief valve, v, which is 
simply a spring-loaded ball or plate, similar in design to the other 
pressure relief valves previously discussed under ”puel Systems.” 
This valve is ordinarily built into the pump housing or into the 
crankcase very near the pximp and may be adjusted by increasing or 
decreasing the tension on the spring. This adjustment is obtained in 
some engines by means of a screw and in others by means of washers 
inserted between the spring and the retaining nut. When this valve 
is set to open at a pressure of 60 Ibs./sq.in., for example, it is 
obvious that no greater pressure can be produced through the inside 
of the crankshaft or anywhere else in the system. The excess oil, 
which passes through the relief valve, is led back into the passage 
connecting the tank feed line and the pump, and is thus carried 
through the pump and back into the system again. 

The main connecting rod bearing is lubricated by means of holes 
drilled from the outside of the crank pin to the interior, as shown 
at m* The oil is forced through these holes and between the bearing 
surTaces. It is then thrown off by the crankshaft in fine drops, or 
spray, as indicated at o. Other holes through the crank pin line up 
with holes in the master rod bearing which lead to the knuckle pins. 
The knuckle pins thus are provided with fresh lubrication and the 
excess oil that works out around the knuckle pin bearings is also 
thrown on the cylinder wall. From the crank pin a passage leads to 
the forward portion of the crankshaft, as indicated at n. Oil from 
this passage is used tp lubricate moving parts in the nose section, 
and by means of an annulus in one of the front bearings may be led 
to the rocker arms and to the hydro -propeller control. The oil which 
has been thrown on the cylinder walls and which is forced out of the 
bearings in the nose section, runs down the walls of the crankcase 
or falls, as Indicated by the arrows, and eventually collects in the 
pxamp. Here it passes through a sump strainer, d, and is picked up by 
the scavenger pump, s, which returns it to the tank. This return oil 



220 


AIRCRAFT ENGI NE MAINTENANCE 


cannot, of course, accumulate In the lower cylinders since the 
skirts of the cylinders project for an appreciable distance into and 
past the interior surface of the crankcase* 

Maintenance of Internal Oil System - When the engine oil is 
changed and at the regular periodic checks all the strainers in the 
system should be removed and thoroughly cleaned with a gasoline 
spray. The location of these strainers varies, of course, with in- 
dividual engines and must be obtained from the instruction book. Al- 
so during the periodic engine checks it is well to remove the relief 
valve and clean it, particularly if the drained oil seems unusually 
dirty. A small particle of dirt caught under the ball or plate of 
the relief valve will cause a serious drop or complete loss of oil 
pressure. When this occurs, cleaning the relief valve will remedy 
the trouble. There is little further maintenance that can be done on 
the interior lubrication system. When the engine is overhauled, all 
of the momerous oil passages should be blown out thoroughly with 
compressed air and gasoline, but this is Impossible when the engine 
is assembled. 

It should be emphasized that successful operation of an erigine 
depends largely upon satisfactory lubrication and only such oils as 
are recommended by the man\if acturer should be used. In many cases, 
the grade of oil is varied according to temperature. Manufacturers* 
recommendations in this respect should also be carefully carried out. 
Needless to say, the utmost care should be used in keeping the oil 
and the oil tanks clean and free from any grit or other foreign mat- 
ter. 



CHAPTER 9 

ELEMENTARY ELECTRICITY 


Originally the use of electricity in connection with power 
plants was limited mainly to the Ignition system. This was due to 
the ezcesslve weight of the ecjuipment necessary to produce or fur- 
nish electricity in large quantities. With the present larger and 
more efficient airplanes it is possible to carry the additional 
weight necessary to supply this electricity, consequently its use 
has increased in proportion to the growth of the airplane itself. 
This is especially true of the larger ships which utilize the medium 
of electricity to control engines, to register the performance of 
these engines on instruments in the cockpit, to power controllable 
pitch propellers, etc. 

While it is not possible to give a complete course in electric- 
ity in this book, some of the essential basic principles will be 
presented to serve as a review for those who have studied the sub- 
ject. If the mechanic has never studied electricity it is suggested 
that he secure a good vocational book on the subject and thoroughly 
familiarize himself with its contents. In addition to textbooks 
there are some excellent correspondence courses which cover the sub- 
ject thoroughly. Electricity is a power, force, or agent that has 
not been definitely defined or described. There is still little 
known about what electricity however much is known about its 
properties and manifestations or actions, so without delving too 
deeply into why electricity acts as it does, we can proceed with the 
presentation of the laws and principles governing its actions. 

TYPES OP ELECTRICITY 

There are two types of electricity, static and dynamic - (not 
actually two different kinds, but rather different ^conditions" of 
electricity) . 

Static Electricity - This is electricity at rest or an accumu- 
lation~of electricity, an example of which is found in natural phe- 
nomena such as the static charge of electricity which accxmiulates in 
the earth or in the clouds. This accumulation often manifests itself 
by an electrical discharge which we call lightning. Static electri- 
city may also be produced by rubbing a glass rod with a piece of 
silk. Under certain conditions it is possible to generate or produce 
static electricity in the body by shuffling the feet over a thick 
rug. If the finger is then held near some metal object connected 
with the earth, such as a radiator or water faucet, the static elec- 
tricity thus produced will manifest itself by a visible spark from 
the finger to the metal contact. This type of electricity cannot 
easily be harnessed or controlled, therefore it is of no value in 
electrical equipment or installations in the airplane. 

Dynamic electricity is electricity in motion, often referred to 
as "current erectrici¥y. " This type of electricity is easily gener- 
ated, stored and controlled and for that reason is used exclusively 
in electrical installation and equipment. The ensuing discussion of 
electricity will deal pnly with dynamic electricity . 
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Electromotive Force - Electricity has the power to move or flow 
from an object of high potential to an object of lower potential. By 
potential we mean simply the electrical condition of a body. To pro- 
vide a standard for comparison, the earth is assumed to be an infin- 
ite reservoir of electricity having electrical potential of zero. 
Any object which has a higher potential than the earth is said to 
have a positive ( + ) charge. Likewise any object with a lower poten- 
tial than the earth is said to have a negative (-) charge. As elec- 
tricity flows from the high potential to the low potential, it is 
said to flow from a positive charge to a negative charge, or from + 
to The greater the difference between the potentials of the bod- 
ies the greater will be the pressure or force causing the electri- 
city to flow from one to the other. The force or pressure which 
causes the electricity to move is called electromotive force (abbre- 
viated e.m.f. or E.) 

Voltage - A volt is the 
unit by wni oh electromotive 
force is measured. Thus the 
more volts in an electrical 
path, the more pressure 
there is tending to make the 
electricity flow. The number 
of volts in this path or 
circuit is called its volt - 
age and is measured by an 
instrument called a volt me- 
ter. 

Circuits - The electri- 
cal path from a positive to 
a negative charge is called a circuit, illustrated in Fig. I 

The battery in this illustration is an object which contains two 
bodies, one having a positive charge and the other a negative chaige. 
(See Primary Batteries). The electricity flows or moves through the 
wire conductor from the positive side of the battery to the negative 
side. A conductor is any material through which electricity will 
flow readily. The voltage of this circuit is the difference in elec- 
trical potential between the positive and negative sides of the bat- 
tery. This is referred to as the circuit voltage, or battery voltage. 

A circuit diagram is the representation of the path of an elec- 
trical current from a point through one or more conductors and back 

to that point. Circuit 
diagrams usually use con- 
ventional symbols or 
signs to represent vari- 
ous electrical devices. 
Some of the most common 
symbols are shown in the 
following pages. Fig. II 
is a circuit diagram 
showing a closed clrc\iit . 
If the circuit is broken 
by opening the switch the 
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elactrlcity cannot complete its path from positive to negative and 
the circuit is therefore called an open circuit. Naturally the light 
will burn only when the circuit is Completed by closing the switch. 


Another type of circuit is the grounded circuit y shown in 
III. In this type of circuit the wire conductor does not form a 
tinuous path for the 
circuit, but termin- 
ates in a common con- 
ductor such as the 
earth or, in the case 
of an automobile or 
airplane, the metal 
framework. In ground- 
ed circuit diagrams 

the path of the cur- — 
rent through the 
ground may be desig- 
nated by a dotted 
line, though this is 
not customary. 


Fig. HI 


Fig. 

con- 


Amperage - As previously explained, the force with which elec- 
tricity moves through a circuit is measured in volt s • The amount of 
electricity or current which is moved through the circuit is meas- 
ured in amperes by an instrument called an ammeter. Amperage or cur- 
rent is designated by the capital letter I. 

Resistance - In any electrical circuit there is a certain amount 
of resistance or opposition offered to the current passing through. 
The unit of measure for this resistance is called an oto, and is 
designated by the capital letter R. 


RELATIONSHIP BETWEEN VOLTS, mVEBES AND OHMS 

There is a definite relationship between the electromotive force, 
the current, and the resistance in a circuit. This relationship be- 
comes more apparent if it is compared to a liquid such as water. The 
voltage of a circuit may be thought of as the pressure or head of 
water, the amperage may be considered as the amount of water, and 
the resistance as the diameter of a pipe through which the water 
flows. Considerable pressure is needed to force a large amount of 
water through a pipe of small diameter. Likewise, it is necessary to 
have a high voltage to force a large amperage through a circuit that 
has a high resistance. It requires only a small pressure to send a 
small amount of water through a large pipe. Similarly, only a small 
voltage is needed to force a small amperage through a circuit having 
a low resistance. This relationship betv/een voltage, amperage and 
resistance is expressed in the Ohm's law, which may be interpreted 
as follows : 


Ohm's Law - The strength of a continuous current of electricity 
in a circuit Is directly p^*oportional to the electromotive force, 
and is inversely proportional to the resistance of the circuit, it 
therefore follows* that the strength of the current in the circuit is 
equal to the quotient procured by dividing the e,m,f, by the resis- 
tance, Reducing the law to a formula, it may be written thus: 
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Current (Amperes) 


Electromotive force (volts) nr T - 5 
Resistance (ohms ) “ R 


A practical application of the formula is shown in the following 
example o To find the strength of the current in a circuit which has 
an electromotive force of twelve volts and a total resistance of 24 
ohms, divide the 12 (volts) by the 24 (ohms) which gives a quotient 
of 1/2 or *6, the strength of the current in amperes « This maybe 
expressed in a written forms 

1=^ orl-^ orI = l/2 (ampere) 

If the strength of a current and the e.m^f . is known it is pos- 
sible to find the resistance in the circuit by solving the same 
formula. In a circuit having an e.m.f. of 12 volts and a current of 
2 amperes, the resistance would be determined as follows: 

E E 12 

I s= transposing, Rs^ R = “-^ or R=6 (ohms) 

Similarly the e.m.f . in a circuit may be determined if the cur- 
rent and resistance are known. If a circuit has a resistance of 12 
ohms and a current of l/2 ampere, the e.m.f. is found by expressing 
the formula in the value of E. 

E 

I » transposing, E = I x R, or E « l/2 x 12, or E = 6 (volts) 


ELECTRICAL TERMS 


A.C. - This is the abbreviation for alternating current. A.C. cur- 
rent flows in one direction through the entire circuit, and then 
reverses and flows in the opposite direction, back through the 
circuit. It changes its direction many times in one minute, this 
rate of change being called frequency. 

AMPERE - The xmlt of current flow, or the amount of electricity that 
is flowing through a circuit. 

AMPERAGE - The number of amperes in a circuit. 

ANODE - The path of the electric current from the positive to the 
negative pole. The positive pole is often referred to as the an- 
ode, 

BATTERY - A source of electricity consisting of two or more cells. 

CATHODE - The negative pole , 

CELL - A single unit for the storage of electricity. 

CIRCUIT - The path of electric current. A closed circuit Is a path 
of conductors so arranged that the electricity may flow from its 
source through the circuit and back to its source. When a switch 
In the circuit is opened, the electricity cannot complete this 
cycle. This is called an open circuit. 

CIRCUIT, SHORT - A more direct path of current from the positive to 
the negative eliminating all, or a portion of the original resis- 
tance. 

CONDUCTOR “ Any material through which electricity will flow readily. 

CONNECTION - Direct contact of two conductors through which a cur- 
rent may pass. 
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CURRENT - The flow of electricity in a circuit. 

CURRENT, ALTERNATING - Current which changes its polaritT and conse- 
quently direction of flow at regular intervals. 

CURRENT, DIRECT - Current which flows in one direction onlv 

CURRENT, PULSATING - Current which flows with regular or varving 
fluctuations of intensity. ■' 

D. C. - Abbreviation for direct current, or current which flows 

through a circuit in one direction only. 

ELECTRODE - Either the positive or the negative pole of an electric 
source • 

electrolyte - The solution which is used in any cell. The electro- 
lyte attacks the plates in such a manner as to produce electri- 
city. 

E. M.P. - The voltage of a current. 

PLT3X - The magnetic lines of force. 

PtJSE - A safety device designed to protect a circuit from an elec- 
trical overload. 

GROUND - A common base for an electrical circuit. 

HELIX - A coil of wire. 

HIGH TENSION - The term applied to any circuit of high voltage. 

HORSEPOWER - One electrical horsepower equals 746 watts. 

INSULATOR - Any material through which an electric current will not 
flow readily. 

INSULATION - An Insulating material covering a conductor, to prevent 
electrical losses and short circuits. 

KILOWATT - A unit for measuring electrical power, equal to 1,000 
watts . 

LOW TENSION - The term applied to any circuit of low voltage. 

MAGNET - An object having the power to attract ferrous materials. 

MAGNETISM - The power by which a magnet attracts ferrous materials. 

MAGNETIC PIELD - The area affected by magnetism. 

NEGATIVE - The terminal of an electric source to which the current 
flows from the positive terminal. Any terminal to be connected to 
the return or negative side of a circuit. 

OHM - A unit of electrical resistance. 

POLARITY - The direction of flow in a circuit. The circuit flows 
from positive to negative. 

POSITIVE -* The terminal of an electric source from which the current 
flows to the negative terminal. Any terminal to be connected to 
the positive side of a circuit. 

PRIMARY CIRCUIT - Any circuit carrying a low tension voltage. 

RESISTANCE - The opposition to the flow of a current in a conductor, 
measured in ohms. 

SECONDARY CIRCUIT - Any circuit carrying a high tension voltage. 

TERMINAL -• A mechanical device for securing an electrical connec- 
tion. 

VOLT - A unit of electrical pressure, used to measure the pressure 
with which a current flows through a circuit . 

VOLTAGE - The number of volts in a circuit. 

WATT - A unit of electrical power. 

WATT-HOUR - A unit for measuring electrical energy. It is the ener- 
gy consTuned in one hour, in a current of one ampere, at a pres- 
sure of one volt. 
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ELECTRICAL SYMBOLS 

lie c t ric al symbols are widely used in circuit diagrams to rep- 
resent various electrical devices. A great many of these symbols 
have become standardized and are referred to as "conventional*' sym- 
bols. A few of the more common symbols user? frequently in aircraft 
circuit diagrams are shown belov/. 
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MAGNETISM 

Tiie“ ancients discovered that certain stones had the property of 
attracting small bits of Iron^ These stones were called magnets, 
probably because of the great numbers found near Magnesia, Asia 
Minor, Another mysterious property of these stones was discovered 
when it was found that by suspending them in such a manner that they 
were free to rotate, they always pointed in the same direction, ap- 
proximately north and south. The Chinese are generally given credit 
for employing this phenomenon as early as 2400 B.C, to guide the 
ships at seao Stones possessing this property were called lodestones 
or leading- stones and were the forerunners of our modern magnetic 
compass , 

MAGNETIC POLES 

As has already been mentioned, lodestones or natural magnets, 
have the power to attract small pieces of iron, but if they are 
dipped into a pile of iron filings and removed, it will be noticed 
that the iron filings cling only to the ends of the magnet. This 
shows that the magnetic property of the atone is concentrated at 
each end, (See Pig. I). The ends of the magnet are called poles. The 
and which assumes a north position when the magnet is suspended from 
a string is called the north-seeking pole, or simply the north pole. 
The opposite end is called the south- seeking pole, or the south pole. 

ARTIFICIAL MAGNETS 

If a soft iron bar is rubbed 
with a lodestone it becomes mag- 
netized and will have the power 
to attract other iron. In this 
connection a peculiar thing hap- 
pens . Even though the iron bar 
has been magnetized by the lode- 
stone, the lodestone loses none 
of its original magnetism. This 
leads us to the conclusion that 
all iron has the property of 
magnetism but is. not a magnet 
unless it has been magnetized. 

Note i A more practical method of magnetizing iron or steel with an 
eTectromagnet is explained later. 

An iron or steel bar which has been magnetized is called a per- 
manent bar magnet. If the iron is so shaped as to bring its poles 
close together it is called a horseshoe magnet. The horseshoe magnet 
has a stronger magnetic field than the bar magnet even though it po- 
sesses the same degree of magnetism. This is because the poles are 
closer together, producing a more concentrated, thus a stronger ex- 
ternal magnetic field. The magnetic field may be defined as the area 
around a magnet which is affected by the force of the magnet. This 
can be illustrated by a simple experiment. If a bar magnet is cov- 
ered with a sheet of paper or glass and iron filings then sprinkled 
on the paper they will arrange themselves in the manner shown in 
Pig. II. The lines formed by the iron filings follow approximately 
the magnetic lines of force. The lines of force are arbitrarily said 
to travel from the north pole to the south pole. 

If a long bar magnet is placed in iron filings and is withdrawn 
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it may be found that another bunch of iron filings will cling to the 
central portion of the bar. These filings are concentrated at what 
is called the consequent pole which has both north and south polar- 
ity. An extremely long bar magnet may have several consequent poles. 

If a bar magnet is broken or cut each piece will have a north 
and south pole. Each time one of these sections is cut, its parts 
will form complete magnets (Fig. III). 

A magnetized iron ring will attract few, if any, iron filings, 
leading us to believe that a ring will not become magnetized. Howev- 
er, if the ring is cut at any point the ends become magnetic poles. 
This proves that magnetic force is retained in a material until the 
poles are formed. By utilizing this fact the permanency of a horse- 
shoe magnet can be retained by placing a soft iron bar, called a 
keeper, across its poles (Fig. IV). The magnetic field flows through 
the keeper and therefore does not expend its energy forcing itself 
through the air to the opposite pole. 

When a bar magnet is suspended by a string and another magnet 
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is held near it the north pole of one magnet will attract the south 
pole of the other. Conversely, the north pole of one will repel the 
north pole of zhe other. Fig. V illustrates the law of magnetic at- 
traction and repulsion which may he stated as follows: Unlike mag- 
netic poles attract each other and like magnetic poles repel each 
other o 

EARTH MAGNETISM 

It is the magrietic law of attraction and repulsion which accounts 
for a suspended magnet pointing north. The earth itself is a huge 
magnet which has its magnetic poles located near its geographical 
poles. There have heen various theories advanced as to why the earth 
has magnetism, one theory being that there is a huge deposit of mag- 
netized ore in the Hudson Bay near the North Pole, and a similar de- 
posit near the geographical south pole. Another theory is that the 
earth’s rotation induces a magnetism which is concentrated at the 
poles. SQientlfic observation seems to bear out the latter theory to 
a large extent, as magnetism has been noted on other revolving bod- 
ies . 


The fact that the magnetic poles of the earth do not exactly 
coincide with the geographical poles accounts for the compass needle 
not always pointing exactly north. As a matter of fact, there are 
comparatively few places on the earth’s surface where the compass 
does point due north. These points may be connected on a map with a 
line called the agonic line, or the line through the points where 
the compass error is zero degrees. If the compass is on either side 
of the agonic line, it points not to the geographical pole, but to 
the magnetic pole. The angle of thia difference is called the mag- 
netic variation. Lines through points of equal variation on the 
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earth* s surface are called Isogonlc lines, 

ELECTRICITY MD MAGNETISM 

wEen an electrical current is passed through a wire, a small 
magnetic field is set up, surrounding the wire. As there is no insu- 
lation against magnetism, the magnetic lines of force penetrate any 
covering or insulation which may he around the wire. These lines of 
force are circular, as shown in Pig. I, but unlike those in the 
field of a permanent magnet, are not concentrated at the ends of the 
wire. Instead surrounding the entire length. This field has the pow- 
er of magnetizing any magnetic material that is within its range; an 
important fact, since it forms the basis of the electromagnet. 



An electromagnet is made by wrapping insulated wire around an 
iron or steel bar, called a core . Pig, II. When a current is sent 
through the wire wrappings, or coll , the magnetic field from the 
wire magnetizes the core. wHen the current is shut off, the core 
loses most of its magnetism. There is, however, a small amount left. 
This is called residual magnetism . A hard steel core will retain 
more residual magnetism thm a soft iron core, therefore when it is 
desirable to have an electromagnet lose its magnetism as soon as the 
current is turned off, a soft iron core is used. It has been found 
that a core made up of many soft iron wires will retain even less 
magnetism than a solid core of the same material. 


The strength of an electromagnet depends upon the number of 
-turns of wire in the magnetizing coil, or exciting coll, and the 
amount of current sent through this coll. The polarity of an elec- 
tromagnet depends upon the direction of the current in the colls. 
For example, if the current goes around the core in a counter-clock- 
wise direction the end nearest the observer is the north pole. (See 
Pig. Ill), If the direction of the current Is reversed, the polarity 
reverses also. Thus it may be seen that if an alternating current is 
used to energize an electromagnet the polarity of the magnet will 
change with each change of direction of the current. 

Solenoids - A coil of wire similar to the exciting coll of an 
electromagnet but having no core is called a solenoid . A solenoid 
possesses all the properties of an electromagnet and Its strength 
and polarity are determined in the same manner. 


If an iron bar or core is placed below a solenoid, as In Fig 
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IV, and the coil energized^ the iron core will he drawn up into the 
center of the solenoid with considerable force, and will remain sus- 
pended in the center of the solenoid, not touching any side of the 
coil* 


Probably the greatest use of the solenoid at present is in the 
operation of remote-controlled, heavy duty switches. The principles 
of the solenoid switch are illustrated in Pig. V. 

View A shows the switch when the solenoid is not energized, in 
which case ¥he core, with the contact bars attached, will not be in 
contact with the contact points. (In actual construction, a light 
spring is usually attached to the contact bar to insure a positive 
separation of the contact points.) When a current is passed through 
the solenoid, the core is drawn into the solenoid, as in view B, 
holding the contact bar firmly against the contact points, thus 
closing the circuit • 





INDUCTION COILS 

Tile function of the Induction coll la to transform low voltage 
current, auoh as that obtained from batteries, to high voltage. High 
voltage current is needed to produce a spark across the points of 
the spark plug for the purpose of Igniting fuel charges. Obviously, 
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therefore, the most common use of Induction colls in aircraft work 
is to supply the high tension voltage for ignition* Examples of this 
application will he found in booster colls, magnetos, and battery 
Ignition systems. 



Vibrator Induction Coils - The battery booster coil contains a 
set of vibrating breaker points so arranged that the induction coil 
can produce a constant flow of high voltage current. As the booster 
coll is a complete unit in itself, its operation will be described 
first . 


The vibrator induction coil consists of a soft iron core, a 
primary and a secondary winding, vibrator contact points and a con- 
denser. A diagrammatic drawing showing the various parts and the in- 
ternal and external electrical circuit, is shown in Pig. I. 

Wnen the push button b is closed, the coil is energized by cur- 
rent from the battery a, and a spark occurs at the gap g, which rep- 
resents the spark plug. The actual operation of this coil may be ex- 
plained as follows; As the primary circuit is completed by closing 
the push button b, the current from the battery a flows through the 
primary winding d, and back to the battery through the common 
grounds, h. The battery current passing through the primary winding 
magnetizes the soft Iron core, ±, This produces a magnetic field 
which passes through the secondary winding, f . However, as the mag- 
netic field is built up gradually, the lines of force cut the sec- 
ondary winding slowly, resulting in a relatively small amount of e. 
m.f . in the secondary winding. 

Another item that must be considered at this time is the resis- 
tance of the primary winding to the flow of the primary current. 
This not only slows the energizing of the winding but, unless suit- 
able provisions were made, would build up sufficient electrical 
pressure in the circuit between the battery and the primary winding 
to cause a spark to occur at the breaker points, e, when they are 
opened. One purpose of the condenser jc, which is connected in para- 
llel with the points, is to provide a "storage house" for electri- 
city so that an excessive pressure will not accumulate in the cir- 
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cuit o The condensor is not a pe2?manent storage place^ but inasmuch 
as it has many plates made of a conductive material the excessive 
electrical pressure which accumulates is distributed over a large 
area on these plates. Electricity cannot flow through the condenser, 
as the two sets of plates are insulated from each other, therefore, 
the plates which are connected to the positive side of the breaker 
points receive a positive charge and the opposing plates receive a 
negative charge. 

When the iron core i becomes sufficiently magnetized it attracts 
the movable arm When the arm moves toward the core, the breaker 
points are separated, and consequently, the primary circuit is brok- 
en. This causes the magnetic field which has been built up by the 
primary winding to collapse. The collapse of this field is much more 
rapid than its "make", or expansion. Its action can be compared to 
the stretching and releasing of a rubber band. When the e.m.f . in 
the primary circuit becomes less than the e.m.f. in the condenser, 
the condenser discharges through the primary circuit in the direc- 
tion opposite to its original charge. This has the same effect as 
reversing the direction of the primary circuit, naturally resulting 
in a more rapid collapse of the primary flux. 

The combined effects of the condenser discharge and the natural 
collapse of the magnetic field results in the lines of force cutting 
the secondary windings so rapidly that an extremely high e.m.f. is 
Induced in the secondary. It is at this instant that a spark will 
occur at the spark gap £. Since the iron core is no longer magne- 
tized and also since the condenser discharge removes any trace of 
residual magnetism from the core, the movable arm springs back 
into place, thereby completing the primary circuit. Actually, the 
process of making and breaking the current is repeated so rapidly 
that, to the eye, a continuous spark appears at the spark gap as 
long as the push button is closed. 

In those Induction coils which are made for battery boosters, 
only one secondary tenninal is provided. This is the positive term- 
inal, and should be connected to the positive side of the spark plug 
through the magneto or distributor. The negative terminal of the 
secondary winding is groimded internally to the primary circuit. Ob- 
viously, the primary ground must be electrically connected to the 
engine, which serves as the spark plug ground. 

Battery Ignition Coils - The battery ignition coll is not a com- 
plete unit, such as the vibrator coll, and in itself is not capable 
of producing a spark. The ignition coil consists of a core, a pri- 
mary and secondary winding. The necessary breaker points and conden- 
ser are usually contained in the distributor head. In operation, the 
spark Is not continuous, but occurs only when the breaker points are 
opened. The points are actuated by the engine and are so timed that 
they are opened only when an ignition spark is needed. 

Magneto Induction Coils - The magneto induction coll operates 
on the same principle as the battery ignition coil. In fact the only 
electrical difference between the two is that the magneto generates 
its own primary current instead of having to depend upon some out- 
side source, such as a battery, for its supply. Further discussion 
of the magneto will be found in the chapter on ignition. 
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SOURCE OF ELECTRICITY 


PRIMARY CELLS 

Pig« I shows the cross section of a simple primary cell^ usual- 
ly referred to as a dry cell* It is composed chiefly of a oarhon rod 
centered in a zinc container. Between the carbon rod and the con- 
tainer is a powdered mixture. This mixture varies in composition but 

contains mainly pow- 
dered carbon that has 
been treated with sal- 
ammoniac and manganese 
dioxide « The ”mix” is 
sealed in the contain- 
er with various types 
of wax sealers. The 
action of the mix, 
often referred to as 
electrolyte , on the 
zinc and carbon pro- 
duces a higher poten- 
tial in the zinc con- 
tainer than in the 
carbon rod. This caus- 
es a current or flow 
of electricity from 
the zinc container to 
the carbon rod. The 
cell now has the power 
to cause electricity 
to flow from the car- 
bon rod, through a 
conductor, back to the 

container. This exter- 

— nal flow or circuit of 

electricity is, for 

convenience sake, said to flow from the positive ( + ) terminal to the 
negative (-) terminal. 

All dry cells of this type are capable of producing an e.m.f. 
of 1-1/2 volts. A standard dry cell. No. 6, measuring approximately 
2-1/2" in diameter and 6" long produces a current of from 25 to 30 
amperes when fresh. However, these cells lose their strength rapidly 
and should be tested frequently with an ammeter. Dry cells deterior- 
ate rapidly when not In use, making it advisable to test these cells 
before purchasing. 
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Primary Batteries Frequently it is desirable to utilize a 
greater voltage o¥ 'a larger current than it is possible to produce 
with one cello This may be done by connecting two or more cells to 
form a batteryo If a higher voltage is needed the cells may be con- 
nected in series . 


Pig. II shows four cells connected in series (from -f of one 
cell to - of next)- The total voltage from this battery is 6 volts 
or equal to the sum of the voltage of the four cells- The amperage 
does not increase over the amperage of a single cell. 



h^.M. 


The amperage can be increased by connecting the cells in "para- 
lleU' By connecting the cells in the manner shown in Pig. Ill the 
amperage of each cell is added to the next so that the battery am- 
perage will be approximately equal to the sum of all the cell amper- 
age. The battery voltage will be 1-1/2 volts. 

To increase both the e.m.f. and the current the cells may be 
connected in parallel-series . If it is desired to have 6 volts and 
60 amperes j 8 cells will be required. They should be connected as 
shown in Pig. IV. Actually this consists of two batteries of 4 cells 
each connected in series. Each 4 cell battery produces 6 volts and 
30 amperes. IVhen these batteries are connected in parallel the volt- 
age remains the same but the amperage doubles . 

Dry cells are used on ships not equipped with a storage batte:^ 
for operating booster circuits and small lighting systems. As 1-1,2 
volts are usually not sufficient, dry cells are usually sold in a 
multiple battery. The battery may contain from 3 to 45 dry cells 
permanently connected in series so that the total voltage of the 
battery will be equal to the number of cells multiplied by 1-1/2. The 
high voltage dry cell batteries are widely used in radio installa- 
tion. 
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SECONDARY BATTERIES 

j^econdary batteries , more commonly called storage batteries, 
differ from primary batteries inasmuch as they may be recharged af- 
ter they have become exhausted. Space does not permit a thorough 
discussion of the origin and function of secondary batteries, howev- 
er certain fundamentals pertaining to the most popular type in use 
today should be understood. 
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practically all storage batteries used in aircraft electrical 
systems are of the lead-acid type. This battery consists basically 
of lead plates immersed in a dilute sulphuric acid electrolyte. A 
careful study of the illustration in Fig. I will help you to under- 
stand the various actions of the storage battery. In A, two lead 
plates are immersed in the electrolyte. The acid attacks both plates 
alike and there is no potential difference created, and neither 
plate has polarity „ In B a current of electricity is sent through 
the cell from some outside source, usually a generator. As the cur- 
rent passes through the cell, bubbles form at both plates, however, 
at the plate where the current enters the cell (the positive side) 
oxygen bubbles are given off. This causes lead peroxide to be formed 
on the positive plate. At the negative plate hydrogen bubbles are 
given off which causes the negative plate to become sponge lead* As 
the cell discharges (C) lead sulphate is fomed on both plates until 
there is an equal amount on each plate. When this happens there is 
no longer any potential difference between the plates and the cell 
is said to be fully discharged. To recharge the battery a current is 
sent through it as in the case of the original charge. Note ; In ac- 
tual practice much time is saved by the use of pasted plates. These 
are plates which have been previously coated by the manufacturer 
with an active material. 

Construction of the Storage Battery - A fully charged cell of 
the lead-acid type produces a pressure of two volts regardless of 
its size. The amount of electricity produced by a cell depends upon 
the size or area of its plates. In order to increase the amount of 
electricity produced and still avoid the use of large cimibersome 
plates it is customary to use many plates in the same cell. All the 
positive plates are permanently connected to each other so that they 
actually form one plate, fee negative plates are connected likewise. 

Storage batteries used in aircraft systems have from nine to 
twenty-one plates in each cell, the usual number being from fifteen 
to nineteen plates. The plates are arranged as shown in Pig. II. It 
is essential that there be more negative plates than positive plates 
for otherwise one side of a positive plate would be exposed, in 
which case the exposed side of the plate would get warmer, under 
working conditions, than the other side, causing the plate to warp. 

To prevent the plate from coming in direct contact with another, 
a separator is inserted between each plate. The separators are usu- 
ally made of wood or especially treated hard rubber . They must be 
somewhat porous to permit the 
passage of electrolyte. 


Most aircraft electrical 
systems are either six volt 
or twelve volt. As a second- 
ary cell develops only two 
volts, the required voltage 
is secured by using three 
cells for six volts and six 
cells for twelve volts. These 
cells are permanently con- 
nected in series. The cells 
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are Installed In a container, usually of hard rubber and sealed with 
pitch to prevent the loss of electrolyte. 


1. Hard Ruliber Cover. Aoid- 
piioot drid jnechfiniotilly r.tronfj. 


2. Non-apill Separate Com- 
partiiior.t D«s:gai. proj 

electrolyte. 


3. TlxlraDeep Se.tl. 

place. 


4. Genuine Hard Rubber 
Container. Light weight, acid- 
proof and mechanically strong. 


5. Baffle Plate. Breather holes 
allow free exit of gas. 


6. The Ribs on the new 

possess the great advanlaeje ol 
having the same high porosity 
as the balance of the insulator. 
This aftordi-- IR' ?, more active 
plate area. 


7. Willard Grid. Vortical gnd 
bars increase in size near the 
plate lug, providing ample cur- 
rent carrying capacity where 
greatest amount of current ilowti. 


8. Feet on. All Plates. Posi- 
tive plates rest on two supports, 
negatives on two others. This 
feature reduces possibility of 
short circuits. 



9. Ample Sediment Space. 10. Rounded Plate Corners. 
Sufficient space to accumulate Mean longer life, 
all sednneril without shorting 
throughout the life of the platen. 


17. Wing Nut Terminal. Vihra- 
tibsorl-jed by container — 

r.i'ovud type. 


16. Special Gasket Seal. Pre- 
vents tieepiaqe of acid — cushions 
rover'-, and poiits againnt strain. 


15. Reinforced Plate Strap. 

Dei-.iqried to give maximum 
i.lrength at Lmbs of post. 


14. Iiis^ulator Extension. 

beyond top of plates — further 
protection aqainat short circuits. 


13. Thread-Rubber Insulator. 

Low olootrical resistance— uni- 
form ijoronlty and long life. 


12. High Grade Plates. Best 
of cixidui'., ii- i.'TiTi 'ind to 
provide . .u.d i.xt : 

power. 


11. Perforated Hard Rubber 
Sheets. Rc-'tard shedding of 
cu'tivo malorifil. Plates retain 
rapuirity for longer time. 


Ce>uri-€‘sy of WtLL^iz/::/ &i>‘/rr£f£.’y Co. 


Pig* III 

pig* III shows a cut-away section of a Willard aircraft storage 
battery (note the positive and negative plates with separators be- 
tween)* Each cell must be ventilated to prevent the liberated bases 
from creating a pressure Inside the cell. To prevent the possibility 
of spilling any of the electrolyte, which incidentally is very in- 
jurious to almost any part of the airplane, the aircraft battery is 
made with a liquid-proof chamber above the cells large enough to 
hold all of the electrolyte* These cells are ventilated by a long 
tube (see Fig. Ill) leading to the vent plug. When the battery is 
upside down the electrolyte completely fills the non- spill compart- 
ment, in which case the vent tube would act as a stand pipe prevent- 
ing any leakage, yet still providing ventilation. 

ELECTROLYTE 

The electrolyte used is sulphuric acid diluted with pure dis- 
tilled water to a specific gravity of 1*300. This number Indicates 
the amount of sulphuric acid in the water, for example a pint of 
water wel^s one pound. A pint of sulphuric acid weighs almost twice 
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as much., op 1«836 lbs« When these ape 2 nixed approximately two and a 
half* parts of water to one part of acid, the mixture will weigh 1.30 
lbs. per pinto Should it become necessary to mix new electrolyte, 
great care should be taken to avoid spilling any acid on the cloth- 
ing OP body. If any acid is spilled wash it away immediately, using 
plenty of water. Caution ; Never add water to undiluted acid. The 
heat generated may be sufficient to cause steam, blowing the acid 
out of the container. Acid should be added to the water very slowly 
while stirring constantly, but gently. 

The actual specific gravity can be determined by the use of a 
hydrometer, which la nothing more than a weighted float with a scale 
to determine how deep it sinks in the liquid. A fully charged bat- 
tery will register 1.300. As the battery discharges some of the acid 
will be taken out of the solution by the plates. This lowers the 
specific gravity of the electrolyte and serves to indicate the state 
of charge of bhe battery. When the specific gravity of the electro- 
lyte falls below 1.225 the battery should be removed and sent to a 
suitable battery station for recharging, 

GENERATORS 

There are two main 
types of generators used 
in aircraft; the direct 
current generator, which 
is used to keep the stor- 
age battery charged, and 
the magneto generator 
which supplies the cur- 
rent necessary to operate 
the magneto. There are 
many types and variations 
of each, however, in gen- 
eral the operating prin- 
ciples are the same. 

To fiilly understand 
the operation of a gener- 
ator it is necessary to 
accept first one of the 
simple explanations of 
magnetic phenomena. 

If a wire ring is passed through a magnetic field, Pig. I, an 
induced current Is set up in the wire, which will be a direct cur- 
rent flowing in one direction only. However, if the ring is brought 
back through the flux, cutting the lines of force in the opposite 
direction, the Induced electricity will be of the opposite polarity. 
If the wire ring is allowed to come to rest in the magnetic field, 
no current will be generated In the ring. The faster the wire is 
moved through the magnetic field the greater will be the current 
which is set up in the wire. 

The foregoing paragraph may be summed up by the laws governing 
magnetic induction and expressed as follows; The strength of the 
current Induced is directly proportional to the strength of the mag- 
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netic field and the speed with which the lines of force are out ^ The 
polarity of the induced current depends upon the direction in which 
the lines of force are cut. 

Alternating Current Generators - The principle upon which the 
alternating current generator operates is illustrated in Fig^ II, 
The generator field is established by magnets to which are attached 





concave side blocks called pole shoes. The function of the pole 
shoes is to concentrate the magnetic field as near to the rotating 
armature as possible. For the sake of simplicity the armature is 
shown as one single turn or loop of wire. As the armature revolves, 
side l~a cuts the magnetic field at the north pole, which induces a 
current into the wire in the direction shown by the arrow. Side 1-b 
is, at the same time, cutting the south pole flux which induces a 
current in the opposite direction. As the wire is continuous the di- 
rection of the current in the loop is in one direction only. The 
current flows from the annature to the commutator ring 2-‘a , from 
there through the brush 5-a and to the external circuit. The current 
completes its circuit by returning from the external circuit and 
flowing back to the armature through brush 5-b and commutator ring 
S-a . When the current is flowing in this direction, brush 3-a is the 
positive brush and 3-b is the negative. 
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On the second half of the armature revolution, side cuts the 
north magnetic flux, which reverses the direction of the current in 
the wire* Likewise the current is reversed in side 1-a , thereby re- 
versing the current in the entire loop. This time the current will 
leave the armature through commutator 2 ^ and brush 5-b and return 
through 5-a and 2-a , changing the polarity of the entire circuit. 

Alternating current generators cannot be used for recharging 
storage batteries as the recharging current used for this purpose 
must be direct. The alternating current generator is used mostly for 
magneto ignition and while the constructions of magnetos differ, the 
principle of A.C. current generators remains the same. The applica- 
tion of this principle to aircraft magnetos is discussed in the Ig- 
nition section of this book. 



Direct Current Generators - A direct current generator is il- 
lustrated in pig". III”. fE differs from the A.C. generator only in 
the manner in which the electricity is collected by the brushes. The 
commutator is divided into segments (2a and 2b) with one side of the 
armature winding connected to each segment. As the armature side 1-a 
cuts the north magnetic flux the current flows as Indicated by the 
arrows, to commutator segment 2-a . From here the current flows 
through the brush 5-a and into the external circuit. As the current 
leaves the generator from the brush 3-a, that is called the poslti^ 
brush. The current returns througE~5he negative brush 5-b and the 
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segment 2'“b and thence to the armature* 

As the armature side^, l-b j> cuts the north magnetic flux the cur- 
rent is reversed and flows to the commutator segment 2-1) * However^ 
at this point brush 5-a is in contact with segment ^-b * Therefore 
the current again leaves the generator via the brush 5- a . Thus the 
direction of the current in the external circuit remains the same* 

Armatures - In the fore- 
going explanations of genera- 
tors the armature was repre- 
sented as a single loop of 
wire* Actually they consist of 
a great number of loops or 
turns of insulated wire wound 
on a core. Each continuous 
wire wound on a core Is called 
^ vtoding . A generator may 
have one or more windings * An 
armature having a single wind- 
ing is shown in Pig. IV. An 
armature of this type for a 
D.C* generator would have only 
two segments in the commutator 
each end of the winding being 
connected to one side or segment. While this type of aimature is 
very effective for some purposes it is not used to any extent for 
battery generators as the current it produces is too fluctuating. 

To produce a steadier current, it is customary to put several 
windings on the same core. Pig. V shows an armature designed to hold 
several windings (the windings are parallel with the slots in the 
core). If the generator has a two-pole field the two sides of the 
winding are 180^^ apart* That is, if the wire went through slot a, . it 
would return through the slot which is exactly 180^ opposite from 
slot a. On a four- pole generator the windings are between slots 
which are 90^ apart. 

Some armatures have slots which are at a slight angle, or spiral, 
to the axis of rotation. The spiral armature is used to effect a 
more smoothly running generator. 




Pig. V 



elementary electricity 


Commut at or - As will 
be noted in Fig« V the 
coinmutator has two seg- 
ments for every windings 
each end of each wind- 
ing being connected to 
its individual segment* 

In a two-pole generator 
it is common practice to 
connect the windings in 
parallel , or what is 
called lap winding * In 
this type o? connection 
one side of a winding is 
connected to a segment 
and the other side of 
the same winding is connected to the adjacent segment. All of the 
windings are also connected in a simirar manner. The usual method of 
connecting the windings in a four-pole generator is called series, 
wave winding . In this method of connection the ends of the coll 
or winding are connected to segments which are 180 ^ apart. 

Brushes - Generator brushes are made of some good conductive 
mat eri al such as carbon, copper, or graphite. These brushes are fit- 
ted in guides and held against the commutator by spring tension. 

Generator Field - As illustrated in Pig. II the pole shoes may 
receive "their magnetism from permanent horseshoe magnets. However, 
this type of field has its drawback inasmuch as in order to produce 
a strong field it is necessary to have several magnets, which would 
greatly increase the weight. In addition the magnets would require 
re-magnetizing at frequent intervals. Pig. VII shows the construc- 
tion of a two-pole generator electro -magnetic field. The pole shoes 
are wound in opposite directions, thus producing a north and a south 
pole. Pig. VIII shows a four-pole generator. These pole shoes are 
woimd so that the similar poles are opposite. The lines of force 
travel from the north to the south pole and return through the frame. 
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The elect ricity necessary to operate the electro-magnetic field 
is fLirnished by the generator itself, thus these are called self- 
excited generators o 



There are various ways of connecting the exciting coll windings 
to the generator output. One simple method is the series winding, 
illustrated in Pig. IX, in which all of the electricity generated 
must pass through the exciting coils. Another method is the parallel 
or shunt winding connection. In this method only a definite propor- 
tion of the current produced by the generator passes through the 
winding. (See Pig. X}. In both types of windings the strength of the 
field increases as the speed of the generator increases (up to a 
certain point ) . 

A compound wound field has both a series winding and a shunt 
winding. If both windings are such as to create the same polarity in 
the field, they are said to assist each other and form what we call 
the accumulative- compound winding. If the windings are such as to 
cause different polarities then they resist each other. This is 
called a different! ally- compound winding. 



Generators having a 
shunt winding usually have a 
movable third brush on the 
commutator. One end of the 
field winding is connected 
to the stationary brush and 
the other to the movable 
brush. The movable third 
brush is, of course, located 
between the two main brushes. 
The third brush can be moved 
so as to intercept more or 
less of the commutator seg- 
ments, thereby increasing 
the amo\mt of electricity 
utilized to excite the field 
winding. In turn, the stron- 
ger the magnetic field be- 
comes, the greater will be 
the generator output, the 
speed remaining constant. 
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INSTALLINC ELECTRICAL EQUIPMENT 

Electrical equipment is of unlimited value to tiie progress of 
aviation » Yet^ at the same time, it can be one of its most dangerous 
liabilities. There is ever present the possibility of the pilot *3 
most dread catastrophe, fire in the air. This can be caused by care- 
less or defective electrical installations, to guard against which 
the mechanic should constantly bear in mind two things, to make all 
electrical installations mechanically and electrically secure. In 
order to do this the mechanic should have some understanding of the 
materials and methods used. 





Pig, I 


There are in general three types of cable used for wiring; pri- 
mary, secondary and heavy duty. Note ; Solid wire is very seldom used 
as it is likely to crystallize and crack under vibration, especially 
at any sharp bend, 

CABLES 

Primary Cables - Primary cable is used for primary, or low volt- 
age, circuits. It is furnished in both the -onshielded and shielded 
form, the latter for ships equipped with radio. It may also be ob- 
tained in single and double conductor cable, ranging in size from 
#18 gage to #6 gage. The heavier gages, #8 and #6, are used on cir- 
cuits that carry a fairly heavy amount of current, such as those on 
the landing lights. 

Copper terminals of the type shown in Pig, II are commonly used 
on primary cable. To attach them, about l/4” to l/2” of insulation 
is removed from the end and the exposed cable cleaned. The cable is 
then inserted into the small hole, where it is soldered. The wings 
of the terminal are then crimped around the wires and also around 
the portion of insulated conductor that rests on the terminal. In an 
emergency, where no terminal is available, a satisfactory connection 
can be made by removing about 1” of insulation, scraping the cable 
bright and bending a loop around a nail or other round object of the 
desired size. The excess wire is then wound back on itself so that 
the finished terminal will appear as shown in Pig. III. 




Pig 


II 
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If this type of terminal is ever used, care should be taken to 
place it on the connecting screw in such a manner that the tighten- 
ing of the nut tends to tighten the loop. If soldering equipment is 
available the terminal can be made more secure by soldering the 
wrappings. Caution: This type of terminal should not be trusted to 
serve permanently. 



To splice two primary cables 
together the insulation should be 
stripped from about 1-1/2" of each 
end to be spliced. The cable 
should be scraped clean to remove 
any insulation, paint or any other 
non- conductive material. The wires 
are then crossed, as shown In Pig. 
IV- a and the ends wrapped around 
the opposite wire (Pig. IV-b), The 
splice is now ready to be soldered, 
DO not use an acid type flux as 
the acid will cause the cables to 
corrode and possibly part. It is 


permissible to insulate the splice 
with friction tape only; however, it is recommended that a few turns 
of electrician^ s rubber tape be wrapped around the joint first, and 
the entire section then covered with friction tape. As a further 


protection against moisture and against the tape coming off, the 
finished job should be coated with gasket shellac. 


A tap is a connection between one wire and some portion, other 
than the end, of a second wire. A tap Is made by removing the insu- 
lation from about I-I/ 2 " of the end of the tap wire and from about 
1 / 2 " of the other wire at the point where the tap is to be made. 
Needless to say, great care should 
be taken not to cut any of the ca- 
ble wires when removing the Insu- 
lation. After the insulation is 
off and the wires are cleaned, the 
tap Is made by crossing the cable 
as shown in Fig. V-A, and wrapping 
the tap cable around the other. 

The tap is then completed by sol- 
dering and Insulating in the same 
manner as was explained for the 
spliced wires. 

Secondary Cables - Seoondaiy 
cable is designed to carry a high 
tension current. Its most common 
use is to carry the current from 
the distributor of the Ignition system to the spark plugs. It does 
not differ much from primary wire except that the cable is heavier 
and better insulated. It also is supplied in shielded and unshielded 
form. The standard size secondary cable Is 7 mm. and its use is ac- 
cepted almost universally; however, in some cases a 9 mm. is used. 



As secondary cable has such a limited use, being employed mainly 
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•for ignition high tension circuits, the 
terminals fitted ordinarily are those 
which are adapted to spark plugs, (See 
Pig. VI). These terminals have a hard 
cylinder of some non- conductive mater- 
ial which fits over the cable insula- 
tion. This serves not only to make the 
connection more rigid, but prevents the 
possibility of electrical leakage at 
the terminal. 

The terminal is attached by remov- 
ing about 1 / 4 " of insulation from the 
cable and inserting the wires through 
the small hole at the end of the cylinder-like wire container. The 
wires are then spread out and soldered in place. After the joint has 
cooled the insulating ferrule is slipped in place and the terminal 
is complete. 

It is not customary to splice or tap secondary cable. If this 
becomes necessary, it can be done in the same manner as in the case 
of splices and taps in primary cable. However, if the cable is to 
carry a high voltage the joints must be insulated with electrician's 
tape. 




Heavy Duty Cables - Heavy duty cables are used to carry a low 
voltage’ a heavy amperage. They are made to carry from 25 to 125 
amperes and standard sizes are 4, 2, and 0 gage (0 gage being the 
heaviest). These cables may be had either shielded or unshielded. 
(See Pig. VII) . 

Heavy duty cables usually are attached at one end to the storage 
battery, therefore the terminal at that end is designed to fit the 
battery. The other end usually has a large one-piece terminal, such 
as shov/n in Pig. VIII. This is put on by removing slightly more than 
enough insulation from the cable to allow the wires to reach to the 
end of the terminal socket. The wires are then thoroughly sweated 
into the terminal, using a non-acid flux solder. Heavy duty cables 
are not spliced or tapped. 

SOLDERING CABLES 

There are tv/o types of soldering cop- 
pers used for soldering wires; the plain 
copper, or soldering "iron'*, as it is 
called, and the electric soldering iron. 

Of the two the electric iron is somewhat 
more convenient as there is no bother a- 
bout the constant reheating needed when 
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using a small soldering iron. Whether plain or electric, a small 
iron should be used when soldering splices as the larger iron radi- 
ates so much heat that it has a tendency to bum the insulation near 
the splice. 

Soldering is one of the important duties of the mechanic and 
great care should be taken to do a good job. The following sugges- 
tions may prove to be of assistance: 

1. Make sure that the cables to be soldered are scraped clean, 
free from any insulation, grease, etc. 

2. Have the iron properly tinned. Note ; The iron may be tinned 
by rubbing it in sal-ammoniac and solder, or by using rosin and sol- 
der. 

3. Have the iron hot enough, yet not too hot. The iron should 
never be left in the flame until changeable colors appear on the 
surface of the copper. A little experimenting will show the best 
temperature. 

4. Never use an acid flux as the acid has a corroding effect on 
the cables . 

5. In many oases rosin core wire solder will be found to be 
more convenient than bar solder. 

6. lYherever possible place the work in such a position that 
gravity will aid the flow of solder. 

7. When soldering in a limited space, sheet asbestos or gasket 
material will protect surrounding cables. 

8. If the soldered job has a whitish, sponge-like surface the 
solder was put on too cold. It should be sweated or reheated and the 
excess wiped off with a clean cloth. 

Considerable thought and attention must be given to the proper 
Installation of electrical cables. A carelessly placed or insecure 
cable may not only present an electrical hazard, but a mechanical 
hazard as well. A loose or broken wire may fall in the control mech- 
anism and cause it to jam or the cable may become tangled in some of 
the equipment with unfortunate results. To guard against any mishaps 
of this nature it is necessary to make all installations secure and 
foolproof. ^ 

It Is desirable wherever practicable to run all cables in a 
light weight aluminum tube. This not only makes the wiring installa- 
tion look neater but protects the wires against grease, oil, dirt, 
moisture, chafing, etc., and reduces the fire hazard. Caution ; High 
voltage cables should not be run in the same tube with primary ca- 
bles.. 


Where cables go through bulkheads or fire walls they should be 
protected against chafing by a large rubber grommet . 

If cables are to be taped to some part of the structure a good 
chafe pad should be provided and the taping protected with gasket 
shellac. C autlon ; Never use wire to fasten a cable to the structure 
as the wire might cut through insulation and a short circuit result. 
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CIVIL AIR REGULATIONS 


There are no specific rules which will cover all cable instal- 
lations and much therefore is left to the judgment of the mechanic. 
The Civil Air Regulations which apply to electrical installations 
are as follows* 

"Electrical equipment shall be Installed in accordance with ac- 
cepted practice and suitably protected from fuel, oil, water and 
other detrimental substances. Adequate clearance shall be provided 
between wiring carrying appreciable current and fuel and oil tanks, 
fuel and oil lines, carburetors, exhaust piping and moving parts. 

"Batteries shall be easily accessible and adequately isolated 
from fuel, oil and ignition systems. Adjacent parts of the aircraft 
structure shall be protected with a suitable acid-proof paint if the 
battery contains acid or other corrosive substance and is not com- 
pletely enclosed. If the battery is completely enclosed, suitable 
ventilation shall be provided. All batteries shall be so Installed 
that spilled liquid will be suitably drained or absorbed without 
coming in contact with the airplane structure. 

"puses shall be so located that they can readily be replaced in 
flight. They shall break the current in a generating system at a 
sufficiently small current flow to adequately protect the lights, 
radio equipment and other parts of the circuit. 

"1/Vhen a generator is specified it shall have sufficient capa- 
city to carry the entire running load. such generator shall be en- 
gine-driven unless an approved equivalent system is provided. Auxil- 
iary power units will be approved in lieu of batteries and engine- 
driven generators, provided that they are at least two in number and 
that the supply system is capable of carrying the entire running 
load with any one unit out of action. 

"The running load shall be defined as the electric consumption 
of all lights, radio equipment and other electrical devices except 
those which are designed only for occasional intermittent use. Exam- 
ples of devices regarded as intermittent are radio broadcasting e- 
qulpment, landing lights and electrically operated landing gears and 
wing flaps. Radio beacon signal receivers and all other lights are 
considered a part of the constant load. 

"Electrical installations shall incorporate a master switch 
easily accessible to a member of the crew." 



CHAPTER 10 
IGNITION 


The ignition system comprises a means of producing a high ten- 
sion current, wires for conducting the electricity to the spark 
spark plugs themselves, shielding to prevent interference 
with the radio when such is carried, and a switch or switches, with 
the necessary connections to render the system active or inoperative.- 
There are two types of ignition systems used in modem aircraft en- 
gines. first and by far the most common of these uses a high 

tension magneto, with a built-in distributor, from which a high ten- 
^^^^^nt is led directly to the spark plug. The second employs a 
battery, a high tension coil, and a distributor connected to the ac- 
cessory drive. Each system has its advantages, as will be shown la- 


Aeronautics Authority requires all engines of more 
than 100 h.p. to have dual Ignition. In the case of the magneto sys- 
means two magnetos and two complete sets of spark plugs, 
ignition is used, one battery is considered sufficient, 
but two distributors, each with its separate spark plugs, are re- 
quired. There are two advantages in dual ignition. One advantage, 
naturally ig added safety, since, if, for any reason, one system 
falls to function, the other will keep the engine running without 
of power until repairs can be made. The second and less 
^^Vantage is that combustion is imich more even and complete 
charge is Ignited from opposite sides at the same time. The 
double spark increases the power can be readily dan- 
onstrated hy cutting out one circuit when the engine is running at 

cniising speed or above. There will be an immediate loss of 25 to 75 

r.p.m. 


Advantages of the magneto system as compared to that em- 
battery are as follows; somewhat lower weight; no like- 
lihood of a weak spark due to a poorly charged or defective battery; 
less danger of fire following a crash, since, when the switch is off 
or when the engine is not running, no spark can be produced by the 

in€L^IXO L/0 • 


The battery system has these advantages; the intensity of the 
spark is eqy,aiiy great whether the engine is running fast or alow, 
thus making for easier starting; fewer moving parts, and so elimi- 
nating possible sources of trouble; since the coil and distributors 
are muon than the magnetos, there is an appreciable saving 
in wei^t ^ battery must be carried for radio, lighting, or other 

electrlcalltevlces. 


MAGNETO IGMITION 

Scintilla magneto is used almost universally on those alr- 
which are equipped with magneto ignition. There are 
mmy ^yP*a, each designed for some specific engine or group of en- 
g nes, out the basic principle of all is the same. This magneto was 
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originally developed in Switzerland, but is now manufactured in the 
United States by the Scintilla Magneto Company, a subsidiary of the 
Bendlx Aviation Corporation^ Because of this, some of the models are 


The AG Series - One of the most 
popular types of Scintilla magneto 
has been the model AG. Slight vari- 
ations of this model are designated 
by another letter preceding, such 
as **V-AG.” The number of cylinders 
for which the magneto is designed 
and other modifications of the de- 
sign are indicated by a numeral and 
a letter following the model desig- 
nation, as, for example, '’V-AG9-D" 
for a nine cylinder engine. A cut- 
away view of this particular model 
is shown in pig. I. Although the 
AG series is gradually being re- 
placed by improved models, it is 
still probably the most commonly 
encountered and furthermore it is 
somewhat easier to understand than 
some of the later types. For this reason it is used for a discussion 
of the principles involved. The feature of the Scintilla magneto is 
its rotating magnet and stationary coil. This characteristic is re- 
sponsible, to a large extent, for the dependability of this magneto, 
since the delicate parts do not move and' consequently are not likely 
to be damaged. The following discussion of the electrical operation 
of the scintilla magneto is supplied through the courtesy of the 
manufacturers, the Scintilla Magneto Company, inc., Sidney, N. Y., 
and should be studied in connection with the diagram shown in Fig. II. 

It should be noted that the wiring of the coil in this figure 
is purely diagrammatic. Many students are confused by not fully un- 
derstanding the fact that the primary coil wraps entirely around the 
core, that the condenser is around the primary coll and the second- 
ary coil is wound outside of the condenser. It should also be noted 
that the entire breaker assembly, including parts numbered 5, 6, 7, 
8, 9, and 10, is not shown in its true relation to the rest of the 
magneto, but is drawn as it appears when viewed from the end of the 
magneto away from the engine. If it were shown in its actual loca- 
tion, the view would be from the side and the breaker lever, the 
points, etc., could not be clearly seen. 

Magnetic Field and Contact Breaker - "The electrical circuits 
are shown in the ^Diagram of Electrlcal^and Magnetic Circuits. » The 
rotating magnet (1) has four poles. These poles are in pairs, being 
connected together inside the laminated ends. The two »N» poles make 
up one pair and the two *S* poles the second pair. 

"The magnet (1) rotates between the laminated pole shoes (2), 
producing an alternating field in the core of the coil (5), and con- 
sequently a current impulse in the primary of the coil. The coil is 


called "Bendix" magnetos. 
TYPES 0_F SCINTILLA MAGNETOS 




252 


AIRCKAFT ENGINE MAINTENANC E 



IGNITION 


253 


in reality a transformer, having a primary winding (4) consisting of 
relatively few turns of fairly heavy wire and a secondary winding 
(12) consisting of many turns of fine wire. 

”When the current reaches its maximum value, the breaker cam 
(5) causes the breaker lever (6) to turn on its axle (7), thus open- 
ing the contact points (8) and (10) » 

”The cam (5) is mounted on the rear (breaker) end shaft of the 
rotating magnet (1), in a fixed relation to the magnetic poles. 

”The short contact screw (10) is connected to ground (24) 
through the breaker lever (6) and the main spring for the breaker 
lever (9). The long contact screw (8) threads into the insulated 
support and is connected to the primary winding (4) by means of a 
laminated copper brush fastened to the primary bridge (23). 

’'When the contacts (8) and (10) are opened, the electric cur- 
rent in the primary circuit is suddenly Interrupted. It is one of 
the characteristics of a transformer that when the primary circuit 
is suddenly interrupted, with consequent collapse of the electric 
field, a current is induced in the secondary winding, proportional 
to the rate of collapse and to the ratio of primary to secondary 
turns . 


High Tension Current - "The interruption of the primary current 
induces a high tension current in the secondary winding of the coil 
(12). One end of the secondary winding is connected to ground (24) 
through the primary winding (4) and the core of the coil (5), while 
the other end terminates at the high tension carbon brush holder 
which is part of the coll assembly. 

Distributor - "Prom the high tension carbon brush (13), the sec- 
ondary current goes to the spark pliigs through the medium of the 
distributor cylinder (16) and the distributor blocks (34) and the 
ignition cables (17). 

"The high tension brush (13) makes contact with the central 
contact of the collector ring for booster current (28) which is se- 
cured to the distributor cylinder (15) by two fastening screws (29) 
and (30). The screw (30) is located in the secondary current circuit 
and connects the central contact in the collector ring with the con- 
ductor moulded into the distributor (15) which leads to the segment 
(14). 


"The distributor cylinder (15) is attached to the large dis- 
tributor gear (18) in a definite position relative to the opening of 
the contact points (8) and (10). This position is different for each 
rotation. The diagram applies to a magneto which rotates anti-clock- 
wise, viewed from the drive end. The segments (14) successively reg- 
ister with the electrodes (16) in the distributor blocks (34) there- 
by transmitting the secondary current to the ignition cables (17) 
and thence to the spark plugs.. 

Safety Gap - "The msigneto is provided with a safety gap. One 
electrode (32) of this gap is screwed into the high tension carbon 
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brush holder while the ground electrode (33) Is on the safety gap 
ground plate* This gap protects the coil against excessively high 
voltage in case the secondary circuit is accidentally broken so that 
the spark cannot Jump at the spark plug. In such a case the spark 
Jumps the safety gap thus relieving the voltage in the secondary 
winding of the coll* 

» Advance and Retard - The Ignition timing is advanced or re- 
tarded by mo ving tile br e alee r assembly in relation to the cam (5), 
The spark is advanced by moving the breaker assembly opposite to the 
direction of cam rotation and is retarded by moving it in the direc- 
tion of cam rotation. 

^^ Booster Connection for Starting - The cable leading from the 
booster to the magneto (2F) is held By a fastening screw (26), in 
the booster and ground connecting block (20) located in the top of 
the main cover. The booster current is led through a conductor 
moulded in this block, through a small air gap to the collector ring 
(29) and to the booster current segment (31) in the distributor 
cylinder (15). The booster current then Jumps the air gap to the 
nearest electrodes in the distributor block (34) and thence through 
the Ignition cable (17) to the spark plug. 

“When it is desired to provide a starting spark at speeds lower 
than the magneto will operate, a source of booster current is pro- 
vided* This is usually a small high tension magneto operated by a 
hand crank through a gear reduction. The high tension current sup- 
plied by the booster is delivered to the spark plugs through the 
distributor of the magneto. 

"The booster current segment (31) is so located that it trails 
the secondary current segment (14) and thus provides a retarded 
starting spark. 

" Stopping the Engine - To. stop the engine, the primary current 
is short-circuited by conducting the current around the contacts (8) 
and (10) and thence to ground. 

"This is accomplished as follows: The insulated long contact 
screw (8) is connected to the end of the primary winding (4) and 
through the primary bridge (23) to the stud for ground contact (22) 
to the primary terminal in the main cover marked *P» and carrying 
the fastening screw for the ground wire (21). This wire (19) goes to 
the magneto switch located conveniently for the pilot. The other 
terminal of this switch is connected to ground. 

"When the switch is closed, the primary current flows around 
the contacts and through the switch to grovind, thus stopping the ig- 
nition." 

The Double Series - This is a series of double magnetos includ- 
ing tEe SO and DF models, in which there la only one rotating magnet 
but two pairs of pole shoes and two sets of breakers of the pivot- 
less type. These magnetos are of the flange-moTinted type and are 
primarily Intended to be installed vertically. The distributors are 
not incorporated in the magneto, as is usually the case, but are 
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Independently driven and located elsewhere on the engine* The use 
of this magneto is not as widespread as that of some of the other 
types. Two popular engines which use double magnetos, however, are 
the Fairchild and the Lycoming. to illustration of the Model DP 
assembled is shown in Pig. Ill and a diagram of the magnetic and 
electrical circuits in Pig. IV. The advantage of this type of 
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magneto Is its obvious saving in weight, since only one magnet (the 
heaviest part of the magneto) is used for both circuits* it has the 
disadvantage that if anything happens to the drive shaft the entire 
ignition system will fail to function. However, the drive shaft is 
usually strong and there is little likelihood of trouble occurring 
at this point . 

The SB and SF Series - These magnetos are a later type than 
previously discus sed , though basically the same in principle. How- 
ever, the condenser is in a different location, likewise the safety 
gap. The magnet itself is of an improved type. The breaker points 
are pivotless. The method of timing is different from that used in 
the case of the other models just discussed. Fig. V shows an assem- 
bled view of Model SF-9LN-1. This is a flange -mounted magneto for a 



nine-cylinder engine, equipped with radio shielding. It is very sim- 
ilar to the type used for the latest fourteen cylinder engines. A 
diagram of the electrical circuit is shown in Fig. VI. 

The N Series - These magnetos may be base- or flange -mounted 
and are made In three sizes, PN - D, the smallest, MN - D, the 
medium, and CN - D, the largest. They differ slightly in construc- 
tion from other types, as may be seen in the cut-away view shown in 
Fig. VII. PN - D magnetos have two-pole magnets and are supplied 
for engines of 1, 2, 3, 4, 5, or 6 cylinders, and with four-pole 
magnets for engines of 7, 8, 9, 10, or 11 cylinders. ON - D magnetos 
with two-pole magnets are supplied for engines of 4, 5, or 6 cyl- 
inders, and with four-pole magnets for engines of 7 or 10 cylinders. 



TO SPARK PLUGS 

t FROM SOURCE OF BOOSTER CURRENT 


IGNITION 



P 

8 H u 
S 59 ag 

z <{> 2 ~ 

8 ^ 
ujcn 
a: ± i /)0 

O 2 2 OQ 

l 4 J LJ >. — 

_l 2 
-J o a: 

O llj < S£? 

u to u Q 

H? ^ fM 


d rl- 

n UJ Z 

P it: uj iii 

<QQ- 
S Ui 2 U I 

< q: o w ' 

O £D U iC I 


■ r\j (O 'T to to 00 




P 

\ X ^ 

F- 


^ 


\ ) 

L-^ — 




n\ 


7 

J 

1 

T ^ 

/ /// / 

\V 

\ 



/ilMlBii’i 

lillll IIIIIIIIIIIIIIIMH 

llllli— 

I /^yr 

L: S9 ^ ® 

c 

24— 

23 — — 

IT 

cy (M 

D 

\ 

If) 

CVJ 


= 0 ^ 3 = 18“' 8 

OXo>Q^>-b I 

?«u|p^go 

P_j==^oola.fl: 
booccutririjQ- 
CC CLUOl (OOCLtOtO 

— rum rj-totor^flOoi 



258 


AIRCRAFT MGINE MAINTENANCE 



Stationary Armatun 

jG-N - D magnetos for 14, 16, or 18 
cylinders have eight-pole magnets. 
Two-pole magnets give two sparks 
per revolution of the magnet, four- 
pole magnets give four sparks, and 
eight-pole magnets eight sparks, 

Bendix Magnetos - As previous- 
ly expl alned , " the Bendix magnetos 
are manufactured by the Scintilla 
Company. They are made for the 
smaller engines of four, five and 
six cylinders . These magnetos also 
carry the SP designation. The Model 
SF4L is shown in Fig. VIII. In gen- 
o , eral, this series is very similar 

o a mg^gna ^ brother, lllustratod 

above. The attachment of the spark 
plug wires is different from that in any of the other types and will 
be described in detail later. The method of checking timing in this 
series is also different from that used in the other types. 



Xl^STALLATIOl? OP MAaNETOS 

Some magnetos axe driven by means of a gear on the drive snaiu 
and some by couplings attached in the same manner. Before installing 
the magneto, care should be taken to see that the gear or coupling 
is properly seated on the shaft and correctly safetled by means of a 
key, nut, cotter pin, or all three. It should then be spun by hand 
to make sure that the gear or coupling is ininning true. The magneto 
illustrated in Fig. I of the preceding section is of the type known 
as ”ba8 e-mount ed"; in other words, it is attached to the bracket on 
the engine by means of capscrews which pass up through the mounting 
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bracket and into the tapped holes in the base of the magneto. Other 
magnetos, such as those illustrated in Pigs. Ill, V, and VII, in the 
preceding section, are attached to the engine by means of a flange 
on the magneto itself. This flange is provided with three slotted 
holes which fit over studs projecting from the rear of the crankcase. 
The holes are slotted so as to permit a slight amount of rotation to 
provide adjustment for accurate timing. 

Installing Base -mounted Magnetos - In mounting the base -mounted 
type, the base and the bracket should be extremely clean, since the 
magneto is grounded through the base. The tapped holes in the base 
should be inspected to see that they are free from chips or dirt and 
that the threads are in good condition. If the threads are damaged 
they should be cleaned out with a 3/8 ‘*-16 tap. The dowel holes in 
the base should fit the dowel pins in the bracket accurately, but 
not so tightly that force is required to put the magneto in place. 
The capscrews which are used to fasten the base to the bracket 
should be checked for length, so that when they are screwed snug, 
they will extend not less than 7/l6“ nor more than l/8“ into the 
base. If a spline coupling is used, the coupling should be slipped 
on the magneto gear. It is desirable, though not essential, to set 
the magneto to the firing position for No. 1 cylinder* The magneto 
may then be mounted on its bracket, the attaching capscrews tighten- 
ed and locked, by passing safety wire through the holes in the heads, 
running the wire in such a way that drawing it tight tends to tight- 
en the screws rather than loosen them. Instructions for timing will 
be given later. 

Installing Flange -Mounted Magnetos - In mounting flange -mounted 
magnetics, the face of the flange and the part of the crankcase with 
which it is in contact should be cleaned and smoothed. The moionting. 
holes should be checked to see that they align properly and that 
they fit the studs. The flange should be inspected around the holes 
for cracks. These magnetos must be set for the firing position on 
No. 1 cylinder, since only small adjustments can be made after they 
have been attached to the engine. With the magneto set properly and 
the piston of No. 1 cylinder at the firing point, it may be assem- 
bled to the engine and the retainirig nuts screv/ed on enough to hold 
it in place, but not too tight to prevent shifting its position 
through the range of adjustment provided by the slotted hole. 

CONNECTING WIRING 

Magneto Terminals - Reference to Pig. II in the preceding sec- 
tlon will indicate ' the method of attaching the spark plug wires of 
tEeT AG Series and similar types. These wires are of best quality 
high-tension cable, cut square at the end. Some engine manufacturers 
recommend that a small brass washer, known as a soldering washer , 
with a diameter slightly less than that of the Insulated portion of 
the cable, be soldered to the end of the cable to prevent fraying. 
If these washers are used, care should be taken not to burn the in- 
sulation in the process of soldering. 

The screws in the distributor blocks are removed and the wire 
forced down into the hole until the end butts securely against the 
bottom of the hole. The retaining screw is then replaced. As the 
screw Is tightened, its sharp point pierces the insulation and 
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passes through the strands of the cable, thus establishing a good 
electrical contact and at the same time holding the cable in place. 

The cables which run to the switch and booster are attached in 
a different manner. The terminal, which is screwed into the top of 
the magneto is removed and the insulation carefully cut away from 
the end of the cable for a distance of about 1”, 

The bare end is then pushed into the terminal 
until it projects through. The strands are cut 
off about 1/16” from the end of the terminal, 
spread out and soldered in place, as Indicated 
in Pig. I. The switch wire is low-tension cable, 
and the booster wire is high-tension, the same 
as is used for spark plug wires. The switch ter- 
minal is marked (for “primary” ) on the mag- 
^ ^ neto, and the booster terminal is marked 

(for "high-tension"). 

In the SC and DP magnetos, all the cabled, including 

those to the spark plugs, are connected by the method 

shown in Pig. I. In the SB and SP series, except in the 
Bendix models, the connections are quire similar to those — s 

in the AGr type. In the Bendix series the cables are at- F'fOiIL 
tached in the manner shown in Pig. II, the procedure being as fol- 
lows: the knurled nut, a, the black rubber collar, b, and the rubber 
gland, £, are slipped over the cable. The insulation is then strip- 
ped from the end of the cable for a distance of about l/4". The bare 
strands of the cable are pushed through the hole in the terminal 
clip, d, spread out and secured with a drop of solder. To assemble 
the cable to the distributor, the cable end is pushed into the ter- 
minal on the magneto until the clip engages the groove provided, af- 
ter which the knurled nut Is tightened. 

Ignition Wiring Dlagrya - In leading the wires to the spark 
plugs it should be remembered that the numbers adjacent to the holes 
In the distributor blocks are nimibered, not in accordance with the 
cylinders, but in the order in which the magneto fires ; thus while 
the cable numbered "1^* leads to cylinder No.""i, the " cable numbered 
”2" does not lead to cylinder Ho. 2, but to the second cylinder to 
fire . In a five, seven, or nine cylinder radial this would be cylin- 
der Ho. 3. Likewise the wire numbered ”3" leads to cylinder Ho. 5, 
and 30 on through the engine firing order. A wiring diagram for a 
nine-cylinder Wright Whirlwind is shown in Pig. III. This diagram 
includes the connections to the switch and the booster, which will 
be explained later. 

Spark Plug Terminals - The ends of the spark plug cables which 
connect to the plugs must be fitted with terminals. In the case of 
unshielded cables the terminals are usually one of the types shown 
in Pig. IV. Both of these are soldered to the cable as explained in 
the previous chapter. The terminal shown in "A" is attached to the 
plug by swinging the loop, £, up until it makes an angle of approxi- 
mately 90^ with the cable. The yoke can then be pushed on the end of 
the spark plug. When the loop is brought down again into the posi- 
tion shown in the illustration, the terminal is securely locked in 
place and yet is free to swivel around the spark plug in any 
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direction^ thus eliminating the possibility of breakage due to vl- 
bration. The terminal Illustrated in is provided with a flat 



CourAtsy Corp. 



steel spring as a locking device. When attaching this terminal to 
the spark plug the spring is lifted slightly away from the brass 
portion, or yoke, and the yoke pushed into the groove on the end of 
the plug. The spring will then snap back into place around the plug, 
holding the terminal on. This type of terminal does not provide the 
universal movement permitted in the other and furthermore after long 
use the spring becomes bent and does not provide a sure lock. Ac- 
cordingly, it is desirable to twist a piece of safety wire around 
the terminal and then twist the ends of this wire around the plug. 
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as shown in Fig, V, This will remove any possihillty of the termi- 
nal *s coming off. The spark plug wires should be identified by means 
of small brass markers similar to those shown in Pig, VI. The use of 



' 5=''3 





these markers avoids confusion when the wires are removed during 
overhaul or for any other reason. The marker is attached simply by 
wrapping the tongue, t, around the cable, pulling it tightly through 
the slot, and bendrng the free end back on Itself. 


The end of the primary wire which attaches to the switch should 
be provided with a terminal similar to that shown in Pig. VII. The 
same applies to the end of the booster cable which attaches to the 
booster. The cable is attached by cutting off the insulation for ap- 
proximately 1/4", passing the bare end through the small hole, h, 
spreading the strands over the back of the terminal and soldering 
them in place. The tongues, t, are then squeezed tightly around the 
insulated portion of the cable with a pair of pliers and the tongues, 
c, squeezed down in the same manner on the bare portion. The large 
Sole, 1 , fits the binding post on the back of the switch or booster, 
as the case may be. i£f 



In all of the larger engines, the Ignition wires from the mag- 
neto to the spark plug are carried to a manifold ring, or conduit, 
which is bolted to the crankcase. Such a ring is shown in Pig. VIII* 
The one Illustrated is intended for radio- shielded ignition wires 
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but is very similar in appearance to the type used when the wires 
are not shielded. All of the wires which run to the front plugs pass 
into one large outlet and those to the rear plugs into another, des- 
ignated and respectively in the illustration. The wires to 
the individual cylinders lead from the smaller outlets. Installing 
the wires in the manifold is not a simple job, particularly with 
respect to the last few. The lengths of the separate wires are usu- 
ally given in the handbook of the engine, but if this information is 
not available, the old wires can be used for determining the length 
of the new ones. The longer wires should, as a rule, be worked in 
the manifold first. The Wright Aeronautical Corporation recommends 
the sequence indicated, in Pig, VIII by the numbers and letters ad- 
jacent to each outlet. The numbers on the inside of the ring indi- 
cate the cylinder to which the respective palrF of outlets lead. 
The numbers on the outside of the ring must not be confused with the 
numbers of the cylinders. The first wire which should be installed 
is designated at the outlet by the numeral ’‘1" and the letter "R", 
the meanlxig ”rear,^^ By referring to the wiring diagram in Pig, 
III it will be noted that this wire leads to the terminal No. 3 on 
the left magneto. The next wire to be installed is designated on the 
manifold drawing by "2p,“ This wire leads to terminal No. 8 on the 
right-hand magneto. The third wire to be put into the ring is desig- 
nated by "3R". This leads to terminal No. 7, on the left magneto, 
and so on. The cables should not be pulled through the ring. They 
should be dusted with talc and pushed in through the small outlets. 
When the end of the cable appears at the large outlet labelled ^'R", 
or **P*’, depending on whether it connects to a rear or front plug, it 
should be directed through the opening by means of a small wire 
hook. Each cable should be completely installed and brought out 
through the large opening before starting the next. Great care 
should be taken to avoid abrasion or other damage to the cables 
while Installing them in the manifold ring. A break in the protect- 
ive coating allows the rubber to be attacked by heat and oil and may 
eventually cause a short circuit. Such a short circuit will result 
in the failure of the plug to which the cable is connected. A short 
of this nature is extremely difficult to locate and may require dis- 
assembling the entire "harness,” Soldering washers should be attach- 
ed to the magneto ends, which should then be marked with identifica- 
tion tags as previously described, and fastened into the distributor 
blocks, as instructed above. If no identification markers are avail- 
able, the numbers may be stamped on the soldering washers. If the 
magneto ends are too long, as much as possible should be fed back 
into the manifold ring. The manifold ring may now be bolted to the 
engine and the spark plug terminals connected. 



r/o-iK 


Ignition Switch Cormectlons - A cockpit switch 
is shown in Plg, IX, On the back of this switch will 
be found binding posts labelled, respectively, ”R”, 
”L'S and ”G”, or In some similar manner. The 

primary wire from the left magneto is connected to 
the ”L*^ terminal on the switch and the primary wire 
from the right magneto to the ”R” terminal. The pri- 
mary wire from the booster is connected to and 

from the terminal marked ”G” a primary wire is run to 
a gro-und connection. If there is a definite and posi- 
tive electrical connection between the engine and the engine mount 
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and between the engine mount and the frame of the fuselage, the 
ground wire may be connected to some convenient point on the fuse- 
lage. However, it is decidedly safer to carry this wire to some part 
of the engine itself and secure it under a nut, such as one of the 
crankcase nuts. This procedure is essential if the engine is rubber 
mounted, or if there is not a met al-to -metal contact straight 
through from the engine to the fuselage. It should be remembered 
that if the groxind wire does not make a circuit, either through 
faulty connections, or through its being broken, the engine cannot 
be turned "OFF”, since the only way in which the magneto can be 
rendered Incapable of giving a spark is by grounding the primary 
circuit . 

The booster wire which runs from the terminal marked on the 
magneto to the high-tension connection on the booster must be care- 
fully installed to prevent chafing, since, if a short occurs as a 
result of the Insulation being 3?ubbed off, not only will the booster 
become ineffective as regards starting the engine, but when it is 
operated it may produce a spark at the point where the insulation is 
damaged. If this should happen to be in the vicinity of a leaky gas 
line, a fire would result. Magneto and battery boosters are discus- 
sed in detail later. 

Installing Shielded Ignition Wires - If the airplane is equip- 
ped with radio, the ignition system must be shielded to prevent 
interference. This shielding is accomplished by completely enclosing 
all parts of Ignition systems in metal housings. A magneto, equipped 
for shielding, is shown in Fig. V of the preceding section. It will 
be noted that the disti^ibutor blocks are completely enclosed by a 
housing with a single outlet. To this outlet is bolted a flexible 
metal conduit which extends from the magneto to the manifold ring 
shown in Fig. VIII. From the manifold ring each wire is likewise en- 
closed in a similar, though smaller, conduit which extends to the 
spark plug. The spark plug itself is of slightly different external 
construction, which will be illustrated later. The spark plug ends 
of the wires are not fitted with the terminal illustrated in Fig. IV 
since these would present considerable difficulty with respect 
to shielding. Instead, a terminal such as that illustrated in 
Fig. X is used. The spring at the end permits the shielding Ml 

conduit to be screwed on the spark plug and at the same time IH 

insures that there is a contact between the cable and plug re- IH 
gardless of how far the screw connection is tightened. To at- 
tach the cable to this terminal the Insulation is cut squarely mm 

from the cable so that 1/4” of the strand of wire projects. 

The sleeve is pressed over the cable until the bare end comes 
through the center hole in the ferrule. The strands are then ===== 
bent over and back upon the nipple, divided evenly around the cir- 
cumference and pressed firmly in place. None of the wire strands 
should extend nearer than l/32” to the outer edge of the ferrule. A 
small drop of solder may be used to insure that the wires will re- 
main in place. The terminal Illustrated is made by the B-G Corpora- 
tion. 


One of the most popular types of shielding is that manufactured 
by the Breeze Corporation. This company manufactures entire shield- 
ing systems, including the manifold ring, the flexible conduits, and 
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the shields for the spark plugs themselves* 
has the distinct advantage of being adaptable 
to any standard spark plug. Fig. XI shov/s the 
exterior of this shield, and Pig, xil shows a 
section of the unit with flexible conduit and 
ignition cable. It will be noted that the 
method of attaching the cable is very similar 
to that used in the AG magnetos. 

If it becomes necessary to replace any 
of the flexible conduits, particular care 
must be used in cutting the material. The 
conduit should be wrapped with a piece of 
friction tape or gummed paper at the point 
where it is to be cut, to prevent the braid 
from unravelling during or after cutting. The 



conduit must be held in a special block, as illustrated in Fig. XIII. 



Symbol 

No. 

1 

2 

3 

4 

5 

6 


Clamp — Spark Plug Shield Cap 

Cap — Spark Plug Shield (Assembly) 

Gasket — Rubber Packing 

Nut — Coupling 

Ferrule — Spark Plug Conduit 

Body — Spark Plug Shield No. 5 takes all plugs 

up to 1H in. in length 

Body — Spark Plug Shield No. 6 takes all plugs 
up to 2 in. in length .... 


Symbol 

No. 

7 Armoring — Phosphor Bronze Ribbon 

8 Braid — Tinned Copper Wire 

9 Conduit — Aluminum with Asbestos Packing . 

10 Cable — High Tension ignition 

11 Contact Retaining Screw and Spring Assembly 

12 Gasket Rubber. . . 


This block may be obtained from the Breeze Company or it may be made 
of wood. Its construction is obvious. The block should be held in a 
vise as shown. The cut should be made in the center of the tape so 
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that half of the tape is left on each side of the cut* A hacksaw 

blade with thirty-two 
teeth to the inch should 
be used for the cutting 
operation. it is desir- 
able that the set be 
ground off the teeth of 
the hacksaw so that the 
blade is slightly knife- 
edged. The ferrule {Part 
No. 5 in Fig. XII) must 
be swaged on with a spec- 
ial swaging tool of 
either the bent or hand 
type, manufactured by the 
Breeze Company. 




The general proced- 

'jmr installing shield- 
ed systems is the same as 

previously discussed for the unshielded, por the switch and booster 

connections, shielded cable may be purchased. Cable of this type 
does not require a separate conduit such as that mentioned previous- 
ly. Furthermore, since there is no current passing through the 
switch or booster connections when the engine is running, the matter 
of shielding them is of less importance. 


TIMING SYNCHRONIZING MAGNETOS 

Timing AG Series Base -mounted Type - On these magnetos the op- 
ening of the breaker points may be adjusted closely by means of the 
coupling. After the magneto is mounted on its bracket, the engine is 
turned in its direction of normal rotation until the No. 1 piston is 
on the firing point. This point may be determined by the use of a 
timing disc attached to the crankshaft or by means of a timing 
pointer supplied by the engine manufacturer. The firing point for 
each engine must be learned from the instruction book of the engine 
in question. In most cases it is in the neighborhood of 25^ - 30° 
before top center. With the No. 1 piston set at the firing point, 
remove the distributor blocks 


and the breaker box cover and 
rotate the magneto by hand 
until the timing marks on the 
large gear coincide with the 
timing marks on the end plate. 
See Pig. I. These marks con- 
sist, respectively, of single 
and double scribe marks, on 
the gear (A- A) and llkewlB® 
on the housing, The 
single mark on the gear 
should line up with the sin- 
gle mark on the housing and 
the double mark on the gear 
with the double mark on the 



housing. When the gear is in. this position and the breaker assembly 
in the fully advanced position, the contact points, or breaker 
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point should he at the instant of opening, and the proper segment 
in the distributor cylinder is under the No* 1 distributor block 
electrode. In other words, a spark would be about to occur in the 
No. 1 cylinder if the engine were running. Holding the magneto in 
this position, connect the magneto with the magneto drive on the en- 
gine by means of the coupling. If this coupling is of the spline 

type, a certain amount of manipula- 
tion may be necessary before it drops 
into place. When the coupling“ Is, in 
place and safe tied, the magneto is 
properly connected. The same proc'ied- 
ure is then followed with the ot}ner 
magneto. 

The foregoing instructions apply 
to direct drive engines. In the case 
of geared engines, it is difficult to 
use a conventional timing disc, since 
the crankshaft and propeller hubs do 
not rotate at the same speed. However 
geared engines are provided with some 
means, usually marks on the gears 
which may be seen through a breather, 
or timing plug hole in the nose sec- 
tion of the crankcase. A typical set 
of such marks, used on the Wright 
Cyclone with 8:5 reduction gear is 
shown in Pig. II. It will be noted 
that there are scribe marks on the 
surface of the gear, and a pointer on 
Cour-7^9y A iifariinour.-so' Corp. the crankcase. In the view shown, the 
scribe mark indicating that No. 1 cylinder is on top dead center is 
in line with the pointer. To the left will be seen the mark indicat- 
ing the firing point, with the spark fully advanced for No. 1 cyl- 
inder. Other makes and models of engines have various arrangements 
for checking the magneto timing. These must be ascertained from the 
instruction book published by the manufacturers. 

Synchronizing Base -mounted Magnetos - To check the timing and 
synchronizing of the magnetos, the breaker box should be removed, if 
it is not already off, the breaker points on both magnetos should be 
separated with the fingers and a small strip of cellophane inserted 
between the points. The crankshaft is rotated In its normal direc- 
tion until the piston in No. 1 cylinder is approaching the firing 
point. The strips of cellophane are caught between the thumb and 
forefinger, as shown in Pig. Ill, and a slight tension exerted, but 
not enoiigh to pull the strips from between the closed point. The 
crankshaft is then turned very slowly and carefully by an assistant 
until the strips are released by the opening of the points. One sat- 
isfactory method of moving the crankshaft through minute amounts is 
by ’^bumping" it, that is,- striking the propeller or crankshaft 
wrench with the fleshy part of the hand. Both strips should become 
free at the same time and just as the No. 1 piston reaches the fir- 
ing point. If the strips are not released simultaneously, or if they 
are not released just as the piston reaches the firing point, one or 
both couplings must be disconnected and reset, and the procedure 
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repeated. In some engines the 
magnetos are set to fire at 
slightly different points, usu- 
ally within five degrees of each 
other. In such cases, the check 
with the cellophane must be made 
Independently on each magneto. 

Timing and Synchronizing 
Flange-mounted Magnetos - In 
thi s type of magneto it is not 
possible to obtain close adjust- 
ment by means of the coupling, 
since the magneto gear meshes 
directly with the driving gear 
inside the engine. However, as 
previously explained, the mount- 
ing holes on the flange are 
slotted, thus providing a cer- 
tain amount of adjustment by ro- 
tating the magneto after it is 
set on the mounting stud. Before 
the magneto is put on the engine, 
the Ho. 1 piston must be set at 
the firing point, as described in the preceding paragraph. The mag- 
neto is then rotated by hand until the timing marks coincide, as 
explained above. With the magneto gears held in this position, the 
magnetos are assembled to the engine* Each magneto should be moved 
to the extreme positions allowed by the slots in the mounting flange 
and the breaker points watched to see that they open and close. If 
the points do open and close, the flat washers and nuts may be as- 
sembled on the magneto studs and the nuts tightened enough to hold 
the magneto in place, but not too much to prevent adjusting its 
position. If the points do not open and close when moving the mag- 
neto on the studs, the magneto should be withdrawn from the engine, 
the distributor gear reset and the magneto then replaced, engaging 
the magneto gear one tooth further around. 

With the Ho. 1 piston set at the firing point, the magnetos 
should be moved in the direction of crankshaft rotation as far as 
they will go and cellophane strips inserted as before. Each magneto 
is then tapped back, (with the hand or a soft rubber mallet) oppo- 
site to the direction of propeller rotation, until the strips of 
paper are just released, indicating that the breaker points are be- 
ginning to open. The nuts which hold the magneto to the engine 
should then be tightened. The setting should be checked by turning 
the crankshaft backward about a quarter of a revolution, replacing 
the cellophane strips between the points, and moving the crankshaft 
slowly and carefully ahead until the strips are released. Both 
strips should be released at the same time and the timing disc, or 
timing marks, should indicate that the Ho. 1 piston is on the firing 
point. If the magnetos do not check properly, they must be loosened 
and reset. When the settings are correct, the retaining nuts may be 
checked for tightness and safetied. 

Timing Double Magnetos - The procedure in timing these magnetos 
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is the same as that just discussed for any flange -mounted type, ex- 
cept that the magnetos do not have to be set for any particular cyl- 
inder, due to the fact that the distributors are independently driv- 
en. Accordingly, all that is necessary is to mount the magneto, 
leaving the retaining nut loose enough to permit rotation, place a 
strip of cellophane between the points and with the No. 1 piston on 
the firing point rotate the magneto on its mount lontil the cello- 
phane is released,' after which the retaining nuts may be tightened 
and safetied. 

The distributor heads used with double magnetos are mounted and 
driven at one-half engine speed, independently of the magneto. The 
distributor finger Is mounted underneath the head on a centrally 
located drive shaft. An insulating disc located under the distribu- 
tor finger has engraved marks indicating the rotation and the posi- 
tion of the finger for firing. No. 1 cylinder with its piston at full 
advance position. With No. 1 piston at its firing position for full 
advance spark, place the insulating disc in position and adjust and 
secure the distributor finger until it coincides with the marks on 
the disc indicating full advance for the given rotation. 

Timing and Synchronizing the SB and SF Scintilla M^netos - Ex- 
cept for the location of the timing marks "the" procedure of these 
magnetos is the same as with all others previously discussed, with 
the main cover, breaker cover, and distributor blocks removed and 
with the piston of No, 1 cylinder set at the firing point, the mag- 
neto should be rotated by hand until the scribe mark on the distrib- 
utor finger lines up or indexes with the timing mark on the indica- 
tor at the top of the front end plate. In this position the high 
tension electrode of the distributor finger will be directly oppo- 
site to No. 1 electrode of the distributor block. Install the mag- 
neto on the engine with the distributor finger in this position, but 
before tightening, check the opening of the point with a strip of 
cellophane as in the case of the other magnetos. It should be remem- 
bered that in timing, all adjustments must be made at the drive end 
and not by altering the setting of the breaker contact. 

Timing and Synchronizing the 
Bendix Magnetos~ ^ The procedure here 
is also the s^e except with respect 
to the timing marks. The No. 1 piston 
is brought to the firing point . The 
magneto is rotated by hand until the 
timing mark in Pig. 17, and the 
timing mark as seen through the 
timing window of the magneto cover, 
are in line with each other. The mag- 
neto is installed in this position 
and checked with cellophane as in the 
case of the other types. 

Timing and Synchronizing with 
Impulse Couplings - The Impulse coup- 
ling is a device to make starting 
easier in the case of small engines 
not equipped with a starter or a 
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booster. It is connected between one of the magnetos and the magneto 
driving shaft on the engine. Since the "hotness” of the spark pro- 
duced by the magneto depends on the speed with which the magneto is 
t-uming, the purpose of the impulse coupling is to produce momentar- 
ily a high rotational speed of the magneto while the engine is being 
turned slowly. This is accomplished by means of a spring and ratchet 
device in the coupling. When the engine is turned slowly, this coup- 
ling does not turn the magneto to which it is attached. Instead, a 
spring is wound up inside of the coupling and when one of the pis- 
tons has just passed top center on the firing stroke, the ratchet 
releases the spring. All the energy stored in the spring is then 
used to spin the magneto at a rapid rate, thus producing a hot spark 
in the cylinder which is on the firing stroke. As soon as the engine 
begins to run, centrifugal force engages a pawl inside of the coup- 
ling which renders the spring and ratchet mechanism inoperative, so 
that the magneto functions Just as it would without the impulse 
coupling. It is obvious that a magneto so equipped cannot be timed 
in the customary manner, since at slow crankshaft speeds it does not 
turn with the crankshaft. The following instructions are given by 
the Scintilla Magneto Company for timing and synchronizing the 
SB6R-2 magneto equipped with an impulse coupling: 

’’Remove the impulse coupling cover after taking out the two se- 
curing screws which hold the coupling cover halves 'together, in or- 
der to remove the top half of the cover it will be necessary to ro- 
tate it until the end clears the large hexagon nut in the front end 
plate which secures the distributor gear axle. MAKE SURE THAT THE 
PELT RETAINING RING IS LEFT ON THE BODY OP THE IMPULSE COUPLING or 
placed over the drive member on the engine before installing the 
magneto on the engine. 

"Rotate the magneto drive shaft in the direction OPPOSITE to 
the RUNNING ROTATION of the magneto (indicated by the arrow on the 
magneto cover) until the timing mark "A" on the chamfered tooth of 
the gear (Pig* IV), and the timing pointer "B" are opposite each 
other as seen through the timing window in the magneto cover. At 
this position the breaker contacts should begin to open. (The drive 
shaft is turned in the direction opposite to running rotation in or- 
der that the impulse coupling will not engage. Another method is to 
turn it in the direction of running rotation and then disengage the 
coupling as explained below.) 

"When synchronizing the magnetos after they are installed, the 
impulse coupling on the one magneto will engage when the engine 
crankshaft is turned in the direction of normal rotation, thereby 
preventing the rotating magnet and breaker cam from turning for the 
opening of the contact points. To prevent this the coupling must be 
disengaged by depressing the pawl with the finger at point "a"# as 
shown in Pig. V. With the impulse disengaged, the coupling will 
operate as a plain drive coupling, thereby allowing the rotating 
magnet and breaker cam to turn in the normal manner. The pawls will 
engage two times for each revolution of the magneto drive shaft and 
must be disengaged each time • by hand while the magnetos are being 
synchronized. 


"After the magnetos have been synchronized, the Impulse 
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coupling cover can "be reinstalled. place the coupling cover half 
which is stamped 30 R« on the top side. The felt retaining ring, 
which was placed on the body of the impulse coupling or over the 



drive member on the engine before the magneto was installed, 
must be placed in correct position on the coupling housing so that 
it fits in the groove provided in the coupling cover halves. After 
the cover halves are placed in position, they must be secured with 
their two screws. 

"The *E 30 R* stamped on one of the coupling cover halves in- 
dicates that the coupling is the *E’ type, having a lag angle of 30° 
for * Right Hand*, or clockwise, rotation, as viewed from the drive 
end. The lag angle of 30^ means that the spark is automatically re- 
tarded 30^ for starting purposes during the time the impulse coup- 
ling is engaging. When the engine has attained proper speed after 
starting, the impulse coupling will automatically disengage and 
operate as a plain drive coupling." 

MAINTENANCE OF MAGNETOS 

Scintilla magnetos require very little maintenance. The Scin- 
tilla Company makes the following recommendation with respect to the 
care of the AG and V-AG magnetos: 

"Each msigneto has two oil holes, one at the top of the front 
end plate and another at the breaker end of the main cover. These 
are for supplying oil to the two ball-bearings of the rotatl,ng mag- 
net shaft. Each oil hole is protected by a hinged aluminum cover. 
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The distributor gear bearing on V-AG magnetos is packed in grease 
and consequently requires no lubrication while in service. It must 
be packed with Keystone grease No. 44 or the equivalent when the 
magneto is overhauled. On AG magnetos the distributor gear bearing 
is supplied with oil from the front end plate oil hole. 

’'The magneto should be oiled when first installed, with the 
best available grade of medium bodied lubricating oil and thereafter 
regularly at the end of every 25 flying hours. At this interval put 
a generous amount into the front end plate oiler, as any excess will 
drain away through holes in the magneto base. The rear (breaker) end 
oiler should receive 5 to 8 drops, as overtoiling at the end may 
interfere with magneto operation if it reaches the breaker contacts. 
See that the felt wick in the bottom of the breaker cage is satu- 
rated with a heavy bodied lubricating oil." 

Inspection and adjustment of breaker points will be discussed 

later. 


With respect to the SC magnetos, the following recommendations ^ 
are made by the manufacturer; 

"The Gits oiler projecting from the magneto housing near the 
top lubricates the upper main bearing. After every 20 flying hours 
fill this with the ’proper oil. {Oil, lubricating, aircraft engine, 
grade 98. U. S. Army Air Corps Specification 3556.) This oil insures 
that the lubricant with which the upper and lower ball bearings are 
packed, (Grease, high melting point, grade 295 [soft, medium] U. S. 
Army Air Corps Specification 3560) will remain soft. These bearings 
are to be repacked with grease at each overhaul. 

"If lubricants of the foregoing specifications are not avail- 
able, use a medium bodied mineral lubricating oil of best available 
grade and a light grease such ais Keystone No. 44 or the equivalent. 
For hot weather or tropical conditions it may sometimes be advisable 
to use a heavy bodied lubricating oil. 

"The felt lubricators attached to the breaker cam followers 
should be moistened with the same oil when Inspection, made at 
monthly or at directed intervals, shows that they are becoming dry. 
Do not permit oil to drip from the felt lubricators or to touch the 
breaker contact s . ~ 

The SB, SP, and Bendix magnetos are greased only at overhaul 
except that the lubricating felt in the breaker assembly of the Ben- 
dix models must be kept damp with oil. This will be discussed in 
more detail later. 

CHECKING AND ADJUSTING BREAKER ASSEMBLY 

At the time of periodic checks the breaker assembly should be 
inspected. The utmost care should be used In this work, since any 
sort of trouble with the breaker points may result in a weak spark, 
or no spark at all. The procedure varies with the different types of 
magnetos. The more common models will be discussed below. 

Checking AG Breaker Assembly - An enlarged view of the breaker 
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points of the Scintilla 
Scintilla wrench, equip- 
ped with .012" feeler 
gage in Pig. II. The 
procedure in checking is 
as follows s 


AG and V-AG is shown in Pig. I, and a 


1 . 


2 . 


3. 


Wipe the 
clean. 


magneto 


Remove the safety 
pins and lift off 
the breaker box 

cover. 

Inspect the contact 
surfaces at the 

points to see that 
they are clean and 






/=/^ JT 


that they seat evenly over their entire face. If there are any 
mounds or pits on the points, loosen lock-nut "A" and screw 
point "B" in far enough to allow point "E" to be unscrewed and 
removed. Then remove point "B". The faces of the points should 
now be trued on an oilstone until they are perfectly smooth. 
Only an expert mechanic should attempt this work. 


4. If the points are in good condition, open the points by rotating 
the magneto by turning the propeller in the direction of its 
normal rotation. If the magneto is on the bench, tura the drive 
shaft by hand. 


5. When the breaker arm has reached the limit of its normal movement 
try a .012" feeler gage between the edges of the points (dimen- 
sion "C" in Fig . I) . 


6, If the dimension is not correct loosen the lock nut "A" and un- 
screw point "B" to decrease the clearance, or screw it in to 
increase the clearance. CAUTION : The breaker arm "D" can be 
sprung further open than its normal movement. Accordingly, care 
should be taken that the feeler gage does not fit too ti^tly, 
as otherwise the clearance will be too little. 


7. When the clearance has been adjusted to .012", tighten the lock- 

nut. CAUTION: Since the threads are delicate, care should be 
taken not to tighten the locknuts enough to strip them. 

8. Check clearance between the back and the breaker arms and the 

fibre stop when the points are fully opened. This clearance 
should be from .002" to .010". 

9. Recheck the gap clearance by rotating the magneto until the 

points break again, and again inserting the feeler gage. 

10. If the magneto is on the bench, the internal timing should be 

checked by turning the drive shaft until the timing mark on the 
edges of the distributor gear and on the front end plate are in 
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line as previously described* With the gear in this position, 
the point should be just beginning to break. This can be deter- 
mined by the use of cellophane, as described in the section de- 
voted to timing and synchronizing the magnetos. 

11. Put a few drops of medium oil on the oil wick on the breaker cam, 

but be careful that no oil gets on the breaker points. 

12. Replace the breaker box cover and the safety pins. 

Checking Breaker Assembly on V-AG-D5 Magnetos - V-AG magnetos 
whose type designations terminate with **V3” have a pivot less breaker 

similar to those used in the SC, SB, and 
other later models, see Fig. III. No clear- 
ance adjustment is necessary between contact 
points. At periods of regular engine checks, 
but not exceeding fifty hours of service; 
remove the breaker cover and check the ad- 
justment of the breakers as described below. 
At the same time check the felt lubricator 
attached to the cam follower and apply a few 
drops of oil if necessary. This lubricator 
should not become dry, but on the other hand 
oil must not be permitted to drip from it or 
tQUch the breaker point. 

The following inspection and adjustment 
instructions are supplied through the cour- 
tesy of the Scintilla Magneto Company: 

"The contact breaker cover is removable when the two cover 
thumb screws are loosened. This cover contains two ventilating 
screens which prevent the entrance of water or the egress of flame 
in case any combustible vapor in the breaker housing is ignited from 
a spark. 

"The breaker mechanism is held in place by two hold-down 
springs. When these are removed, the breaker can be withdrawn from 
the magneto. 

"Make sure all rivets and screws in breaker and housing are 
tight and that faces of contacts are clean and smooth. Wipe breaker 
housing clean if necessary with an oily cloth. Polish away any pro- 
jecting points on contact faces if necessary and check tension of 
breaker main spring, using scintilla Tension Gage 4-2194. (See Pig. 
IV.) The spring tension must not fall below 10 ounces, the lowest 
permissible limit. 

"The breaker main spring is secured to the breaker support by a 
screw and nut. The clearance between the contact spring and the cam 
follower should be between .045" and .075". These clearances are im- 
portant to insure that the cam follower follows the cam contour and 
thus prevents chattering or vibration of the contact main spring. 

"It is possible to disassemble the breaker (rivet-type breakers 
.excepted) to permit replacement of worn or broken parts* 
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If the contact spring pressure, as checked by gage, is too low 
it can be raised by the removal of a washer. Part No. 10-3768 (see 
Fig. IV ) 0 If too high, it 


can be lowered by inserting 
an additional washer part No. 
10-3768, It is recommended, 
however, that when these 
breakers require replacement 
of parts they be returned to 
the manufacturer for repair 
and retest, 

“The insulated primary 
segment on the back of the 
breaker housing must be 
clean and smooth. See that 
the laminated primai*y brush 
attached to the coil is in 
good condition and touches 
this pad when the breaker 
housing is approximately 
l/l6“ out from its normal 
position in the magneto 
housings The tension of the 
hold-down springs should be 
15 to 30 lbs. -- preferably 
about 23 lbs, 

“When re as s emb ling 
breaker into magneto, apply 
a little light oil to the 
pilot diameter of the break- 
er housing and to the insu- 
lated pad on back of housing 
to Insure easy movement. 
Place breaker housing In 
magneto housing, being care- 
ful that cam does not Injure 
cam follower when breaker is 
pushed into place. Secure 
hold-down springs. 



“With breaker in full advance position, place a straight edge 
such as a steel scale against the face of the step cut in top of cam. 
(Indicated by dotted line ih Pig. III.) Turn magneto drive shaft un- 
til this edge coincides with the lines (a - a) cut opposite each 
other on the rim of the breaker housing. Loosen the two screws which 
fasten the breaker support to the breaker housing and adjust by 
means of eccentric at end of breaker support until contacts are at 
instant of opening. Secure breaker support in this position by 
tightening fastening screws. The opening of the contacts can be con- 
veniently checked with cellophane.” 


Checking Breaker Assembly on Model DP scintilla Magnetos - The 
Scintilla Company mates EEi following recommenJatlbrLS with" respect 
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to the inspection of the contact breakers on the type pp magnetos: 

"When inspecting the contact points, the breaker main spring 
should not be raised beyond the point giving l/l6" clearance between 
the movable and stationary contact points. Further tension of the 
main spring caused by raising it beyond this point will result in 
the weakening of the main spring. 

"Check the main spring tension with Scintilla Gage No. 4-9713. 
It is important that the hook of the gauge be applied on the main 
spring adjacent to the contact point as Illustrated at »E* (Pig. IV.) 

"Main springs that have been in service and have a tension of 
not less than 10 ounces will be satisfactory for further service. 

"New main springs should have a tension of 20 to 32 ounces. 

"If the main spring tension as checked by scintilla Gage No. 
4-9713 is too low, it can be raised by removing washer No. 10-3768 
(Pig. IV). If it is too high, it can be lowered by Inserting an 
additional washer No. 10-3768. The other function of washer No. 10- 
3768 is to obtain maximimi contacting surface between the contact 
points* 


"Examine the contact points for evidence indicating excessive 
wear. Mounds or peaks appearing on the contact surfaces should be 
removed* It is not considered necessary to remove slight pits which 
appear on the contact surfaces unless they are in excess of 10 % of 
the total contact area* Dressing of the contacts should be under- 
taken only by the most experienced operator and can be accomplished 
by using the Scintilla dressing tool No* 4-12176 and the Scintilla 
special cut file No. 4-12177 and stone No. 4-12868. 

"Normal operation of the magneto causes a certain amount of 
wear to take place on the top of the cam follower. This wear is in- 
dicated by a small depression worn in the top of the cam follower at 
the point where it lifts against the end of the main spring. The 
distance between the lowest point of this depression and the top of 
the spring on which the cam follower Is riveted should be checked at 
each overhaul. This distance should be l/32" or over* If it is less 
than l/32", a new cam follower should be installed. 

"If the above inspection indicates that the contact breaker 
assembly requires replacement of parts, it is highly recommended 
that reference be made to Scintilla Service Bulletin No* 40." 

"It is assumed that the contact breaker is completely assei^ibled 
after its having been inspected as directed in the section entitled 
’Inspection after Disassembly*. 

"Install the contact breaker assembly in the housing and secure 
it with the two breaker hold-down springs. For fixed spark require- 
ments, insure that the breaker stop collet engages the bushing pro- 
vided for it In the breaker housing. The breaker stop collet is in- 
serted in the hole marked *pixed R* or *Fixed L* for fixed spark 
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requirements, clockwise and anti-clockwise rotation, respectively. 

"IMPORTANT; Scintilla pivotless type contact breakers 
as used in these series magnetos must always be ad- 
justed so that the contacts open at the proper posi- 
tion of the breaker cam in relation to the timing 
marks in the rim of the breaker cup and not for any 
fixed clearance between the contacts « 

"Apply a few drops of standard grade oil on the cam follower 
felts. After application, remove any excess oil with a clean, dry 
cloth. 

" Adjustment for Synchronized Sparks, Either Rotation - The con- 
tact breaker assemblies are mounted on adjustable plates. There are 
three engraved marks *4-l/2^*, and on the base of the 
breaker housing under one of the adjusting plates. The other adjust- 
ing plate has no engraved marks under it and is fixed in one posi- 
tion by its two securing screws. The adjusting plate which is over 
the engraved marks should be fixed so that the *0^® mark can be seen 
through the center of its recess. 

"With the breaker in full advance position and the adjusting 
plates in the position as described above, place a straight edge 
against the face of the step cut in the adjustable cam cap (Figs. V 
and VI). The mark engraved on the adjustable cap engages the 
projection of the cam for clockwise rotation and for anti-clock- 
wise rotation. Turn the magneto drive shaft until the straight edge 
coincides with the timing marks on the rim of the breaker cup. 
Loosen the two fastening screws of each breaker assembly and adjust 
the eccentric screw so that the contact points just begin to open. 
I'Vhen the adjustment has been made, tighten the screws securely. The 
opening of the contacts can be checked conveniently with a strip of 
very thin cellophane between the points. When the cellophane is re- 
leased with a slight pull, the contact points are just beginning to 
open. Insure that pieces of cellophane are not left between the 
points when adjustment has been made. Recheck the adjustment sUTter 
having tightened the securing screws of the contact assemblies. 

" Adjustment for staggered Sparks - Cloci^ise Rotation - (4-1/2® 
Staggered Sparks). Move the adjusting plate wiiich is over the en- 
graved marks so that the 4-1/2 mark can be seen through the center 
of the recess (Fig. VII). The fixed assembly contact points should 
open when the straight edge coincides with the timing marks *M* on 
the rim of the breaker cup. The 4-l/2® staggered assembly contact 
points should open at a position 4-l/2® earlier. It is recommended 
to place a mark on the post of the adjusting plate opposite the tim- 
ing mark ’M’ when the mark shows in the recess. When the ad- 
justing plate is moved to its staggered position, the contact points 
of the staggered side should open when the straight edge coincides 
with this mark. 

" (9® Staggered Sparks) - Move the adjusting plate until the 9® 
mark is visible through the center of its recess. Proceed as ex- 
plained under the »4-l/2® Staggered Sparks » above. 
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"Adjustment for Staggered Sparks - Anti-olockvrise Rotation - 
Ad jus tment for'"»'4-l/2‘^'' and '9^^' staggered sparks Is accompli sh^ln 
the same manner as explained under ‘Adjustment for Staggered Sparks- 
Cloctoise Rotation ‘ (See Pig. VIIl)," 


NOTE: BOTH SETS OF CONTACT 
POINTS STAR,T TO OPEN WITH 



ADJUSTING plate MUST 
BE IN THIS l]>OSITlON 



POINTS START TO OPEN WITH 
STRAIGHT EDGE ON M-M 


SYNCHRONIZED SPARK - CLOCKWISE ROTATION SYNCHRONIZED SPARK - ANTICLOCKWISE ROTATION 




MOVE a::jj3t;s:g p^ate uktil 

9 * (OR li viS Bj; fN RECESS 



MOVE ADJUSTING- PLATE UNTIL 
4>y» fOR 9‘^ IS VlSiRi r m Drrrcc 

REMAINS AS IN FIG. I. 

STAGGERED SPARK - CLOCKWISE ROTATION 


STAGGERED SPARK - ANTICLOCKWISE ROTATION 
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Checking Brewer Assembly on Model SB and Sff Magnetos - The 
procedure in inspecting the breaker points," checking the spi^ ten- 
sion, etc*, is identical with that followed in the case of the type 
DF Just discussed. It should "be 
remembered that in the case of 
these and all other magnetos 
with the pivotless breaker 
points there is no adjustment 
for clearance and any change Is 
almost certain to throw the 
magneto badly out of time, with 
the resulting danger of loss of 
power and fire hazard in start- 
ing. To check the internal tim- 
ing of the magneto, or the 
point at which the contacts op- 
en with respect to the position 
of the distributor, the Wright 
Aeronautical Corporation makes 
the following recommendations, 
which were prepared with the 
approval of the Scintilla Com- 
pany; 

"Vi/henever a breaker has to L 
be adjusted in service it 
should be wiped but with a 
clean cloth moistened with gas- 
oline. When doing this, do not IjL 

permit gasoline to come in con- 

tact with the cam follower or the follower felt* Gasoline on these 
would remove the glaze from the follower and then the oil in the 
felt. To check the contact breaker adjustment turn the magneto drive 
shaft until the timing mark (See Fig. IX) provided on the dis- 
tributor finger lines up with the corresponding mark on magneto 

front end plate. The distributor rotor is now in position to dis- 
tribute a spark to the distributor block electrode of cylinder 
No. 1. 

”Place a straight edge, preferably a steel scale, *K', against 
the face of the step cut in the cam *L'. Turn magneto drive shaft 
slightly until this straight edge coincides with the lines *M* cut 
in the rim of the breaker housing. In this position the breaker con- 
tacts should be Just opening. 

’’Pivotless breakers must always be adjusted so that the con- 
tacts open at the proper position of the cam and not for any fixed 
clearance between the contacts as is the case with lever type con- 
tact breakers. 

”lf inspection shows that the position of opening of the con- 
tacts requires adjustment, loosen the two screws which fasten 

the breaker support to the breaker housing. Hold the cam in position 
to open the contacts as indicated by the straight edge and adjust by 
means of the eccentric *P» until the contacts are Just opening. Se- 
cure them in this relation by tightening the screws »0*.” 
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"The position of opening can he most conveniently checked by 
placing a piece of ,001 inch steel feeler stock between the contacts 
and pulling against it lightly* When the feeler slips the contacts 
are opening* The position of opening can also be checked with a 
lamp and battery, in which case a piece of thin Insulating material 
must be placed between the primary contact brush of the coll and the 
back of the breaker housing to prevent battery current from flowing 
through the coil* 

"Owing to the wear of the cam follower, it may be found neces- 
sary to adjust the eccentric to its maximum position to permit 
the cam follower to lift the main spring and movable contact points 
at the instant the straight edge coincides with the timing marks* if 
this relation can be obtained, the cam follower is satisfactory for 
further service. However, during major overhaul. If, after having 
adjusted eccentric ’P* to its maximum position, it is found that the 
straight edge slightly passes the timing mark (as drive 

shaft is turned in direction of the rotation of the magneto) before 
the contact points begin to open, it will be necessary to install a 
new cam follower. During periodical inspections made between major 
overhaul periods an allowance of l/8" between the timing mark on the 
rim of the breaker cup and straight edge is permissible." 

Checking Breaker Assembly on Bendix Magnetos - The breaker 
as s embly us ed on these magnetos is a B 

different from those on the preceding 
type, as will be seen by referring to 
Pig. X. 

The Scintilla Company makes the 
following recommendations with re- 
spect to the adjustment of the con- 
tact points so far as the internal 
timing of the magneto is concerned: 

"1. Turn the drive shaft until 
the mark »A* (See pig. IV in pre- 
ceding section on * Timing and Syn- 
chronizing*) on the camfered tooth of 
the large distributor gear is oppo- 
site the timing pointer inside 
the magneto cover as seen through the 
window. When these two marks are opposite each other, the breakei 
contacts should be just opening. A convenient way of checking this 
adjustment is to place a piece of thin cellophane between the con- 
tacts and pull against it slightly. When the tissue slips, the con- 
tacts are separating. Insure that particles of the cellophane are 
not left on the contact points after the adjustment has been made. 

"2. If the contacts do not open at the proper time, loosen the 
two screws, *A» and (Pig. X), which hold the stationary contact 
assembly in place and move the stationary contact to right or left 
until the two contacts separate when the timing marks are opposite 
each other. It should be noted that the contact points are not ad- 
justed for any fixed clearance between them. 
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”3^ If the contacts do not line up properly, the location of 
the moving contact can be adjusted by loosening the two screws, 
and (Pig. X), which secure the moving contact assembly to the 
housing. The screw holes are slightly elongated to permit this ad- 
justment, After retightening the screws, recheck this adjustment to 
insure that it is correct. 

”4, Insure that the lubricating felt attached to the cam fol- 
lower is soft and moist with oil. This felt supplies a very minute 
quantity of lubricant to the breaker cam. If oil appears on the sur- 
face when the felt is squeezed between the fingers, do not add any 
more oil. If the felt is d3:y, however, moisten with a few drops of 
medium bodied mineral lubricating oil, preferably SAE 30. Do NOT 
give it all it will hold. 

"Before replacing the breaker, wipe out any dirt or excess oil 
which may have entered into the breaker compartment during adjust- 
ment . " 

BOOSTER MAGNETOS AND COILS 

It is perhaps unfortunate that the expression "booster" was 
ever applied to the devices described below, since the name implies 
that the purpose of the so-called "booster" is to intensify the 
spark produced by the magneto. This is definitely not the case, for 
the spark produced by the booster magneto or coil has nothing what- 
ever to do with the spark produced by the regular engine magneto 
and, in fact, does not even pass from the same terminal on the dis- 
tributor rotor. The booster simply uses the ignition wires which run 
from the main magneto to the spark plug for the delivery of its 
spark. Realizing the inaccuracy of this term most engine manufactur- 
ers use the expression "hand starting" magnetos for the. magneto 
type of "booster" and "starting coll" for the battery type. 

As previously explained, the spark produced by a magneto var- 
ies in intensity with the speed at which the magneto is turning. 
When the engine is being started, either by hand or by a starter, 
the speed of the magneto is necessarily low and the spark, accord- 
ingly, weak* While this spark is strong enough to start the engine 
under favorable conditions, in cold weather or when, for some reason, 
starting is difficult, a booster is a valuable accessory, since it 
is operated by hand and the spark it produces is not affected in any 
way by the speed of the engine. 

Referring to Pig. II, at the beginning of this Chapter , and the 
accompanying explanation, it wlli be noted that the electrode from 
which the booster current is discharged into the spark plug wire 
(the electrode shown in light lines in the end view to the left of 
the illustration) lines up with the wire after the electrode from 
the main magneto has passed by the contact point, which means that 
the spark produced by the booster occurs in the cylinder consider- 
ably later than the spark produced by the magneto. The reason for 
this arrangement is to prevent the engine from "kicking back" or be- 
ginning to run backwards when it is being started. The regular 
spark occurs when the piston is 25® - 50® before top center, whereas 
the spark from the booster occurs just after the piston has passed 
top center. It is essential that this be the case for, as explained 
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in tlie chapter on engine operation, the booster is often operated 
while the propeller is entirely stationary. Obviously, if the spark 
produced by the booster under such conditions occurred before the 
piston had reached top center, the piston would be driven backwards 
instead of ahead and the whole purpose of the device would be lost. 


m 

?neto Boosters and Their Installation - 

There are several 

makes oft 

rooster, or hand-starting magnetos. The 

operation of all of 


these is practically identical and consists of simply turning a hand 
crank which is geared to a high-tension magneto. By means of a large 
gear on the crank handle and a small gear on the magneto shaft, the 
shaft can be spun quite rapidly, thus producing a hot spark. One 
type of booster magneto is illustrated in Fig* I* 



CiXAr/itfj ^saociaresF, /nc. 



A diagram, of the booster installation is given in Fig. II. In 
the diagram shown, the booster is provided with a primary connection 
which leads to the Ignition switch, another primary connection which 
leads to the ground and a secondary, or high-tension connection 
which leads to the terminal on the magneto marked "H". Some boosters 
do not have a connection for the ground, but are grounded through 
the base of the magneto. If a ground wire is carried from one of the 
latter type to the engine, the wire must be attached under one of 
the bolts which mount the magneto. If the ignition switch is ground- 
ed to the frame of the fuselage, the booster may also be grounded in 
the same manner, but if the ground wire from the switch is carried 
back to the engine (See section on "Installation of Magnetos"), the 
ground wire from the booster must also be carried to the engine or 
else spliced into the switch ground wire. The high-tension terminal 
on the booster can usually be distinguished by its size, but if 
there is any doubt, the question may be settled very easily by pas- 
sing a wire to the terminal in question, holding the other end of 
the wire about 3/16" away from the base of the magneto and turning 
the crank. If the wire is attached to the high-tension terminal, the 
spark will be very evident. 

VVhlle the booster magneto will function without being connected 
to the ignition switch, from the standpoint of safety it should be 
so connected. Since the booster is mounted in the cockpit, at some 
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location convenient to the pilot, there is always the possibility 
that the handle will be accidentally turned by someone climbing in or 
out of the cockpit or in some other manner. In this event, if there 
should happen to be a charge in the cylinders of the engine, and the 
booster were not connected to the ignition switch, the engine would 
fire whether the switch were on or off. By connecting the booster in 
the manner shown in Fig. II, no spark can be produced by it when the 
ignition switch is in the ’’OFF" position. Fig. II also illustrates 
the other contacts in the switch when it is in the "OFF" position. 
It will be noted that the primary circuit of each magneto is closed 
or "grounded.^' It has been brought out before that magnetos are 
rendered inoperative by closing the primary circuit, but the point 
is emphasized here because this fact is often not fully appreciated, 
particularly by beginners. Also, attention is called to the point 
that a switch intended for use with a booster magneto cannot be used 
with the battery type of booster, since in the battery booster the 
primary circuit must be disconnected , or open, when the switch is in 
the "OFF" position. 

The booster is connected to only one of the main magnetos, 
since an adequate spark in one plug should be sufficient to start 
the engine and the higher efficiency of operation produced by two 
plugs is not of great importance in starting. 

When using the booster* in starting the engine, the cranking 
should be continued until the engine is running smoothly and has 
picked up enough speed to cause the main magnetos to deliver satis- 
factory sparks . 

Battery Boosters and Coils - The battery type booster functions, 
so far as the engine and main magneto is concerned, in the same man- 
ner as the magneto type. It has the advantage of requiring no crank- 
ing, since it is operated merely by pressing a button. Also, if the 
ship carries a battery for radio, starting, lighting, or other pur- 
poses, there is a considerable saving in weight by using this type, 
since the coil weighs much less than the booster magneto. The cur- 
rent may be supplied either from the regular storage battery, as 
just mentioned, from conventional dry cells of the 
"hot- shot" type, or from radio B-batteries. Booster 
coils may be obtained in several types, one of which 
is shown in Fig. III. The coll is mounted in any con- 
venient location, likewise the battery. The only part 
of the system which needs to be within easy reach of 
the pilot is the push-button. This push-button is a 
necessai*y part of the system, since otherwise the 
booster would function continuously while the igni- 
tion switch were on. This would not interfere with 
the running of the engine since the spark from the 
booster occurs after the spark from the main magneto, 
but it would constitude an unnecessary drain on the 
battery. 


Pig. IV is a diagram of the electrical hook-up of the battery 
and coll booster. The coll is provided with one secondary and two 
primary terminals, connected as shown in the diagram. It should be 
noted that when the ignition switch Is in the "OFF" position, the 
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primary circuit of the coil is open > while the primary circuit of 
the main magneto is closed . The connection from the high-tension 
terminal of the coil is of high-tension cable and runs to the termi- 
nal of the magneto marked Some mechanics do not carry the pri- 
mary circuit through the ignition switch, feeling that the push- 
button constitutes enough of a safety precaution; however, it is a 
much better practice to make the connection as indicated in the 
diagram. 
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BATTERY IGNITION 




As optional equipment many of the smaller engines offer battery 
ignition* The advantages, which have been previously discussed, con- 
sist chiefly of a better spark for starting and lower weight, pro- 
vided the battery is carried for other electrical equipment* One of 
the first modern aircraft engines to use battery ignition was the 

Jacobs and since the igni- 
tion installation on this 
engine is typical, it will 
be used as the basis for the 
instructions in the follow- 
ing paragraphs . The type 
most commonly used is manu- 
factured by the Scintilla 
Magneto Co. through whose 
courtesy the illustrations 
and explanations below are 
supplied. 

The Bendix Scintilla 
Battex^y Ignition Equipment - 
This equipment ii supplied 
on the Jacobs Aircraft en- 
gines consists of two timer 
distributors and two coils, 
thus supplying complete dual 
ignition. Each timer distrib- 
utor is provided with an 
automatic advance governor 
and consequently no manual 
spark advance is needed. The 
Z timer distributors and coils 

^ are radio -shielded, and are 

provided with terminal connections for the in- 
stallation of standard radio -shielded cables. 

Pig. I shows the Scintilla type WL“*7a timer dis- 
tributor and Fig. II shows a coil. Since both of 
the timer distributors run at one-half engine 
crankshaft speed (thus providing sparks in each 
cylinder every other revolution), the one marked 
15^ corresponds to an advance range of 30^ on 
the engine and the one marked corresponds to 
16*^ on the engine. At flying speed, both fire 
fully advanced at 30° before the top dead center 
position of the piston. Consequently, the ”1^" 
timer distributor is set to spark fully retarded 
when the piston is on top dead center, when the 
engine is running slowly, and the timer 

distributor is set to fire fully retarded at 14° 
before top dead center, under the same condi- 
tion. 


This method of timing provides a fully ad- 
vanced spark on both timer distributors at fly- 
ing speeds. In starting the engine, the switch 
is turned to the position ( ”L*' or "R" on the 
switch) at which only the *'15°” timer distributor 
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Is fired. This gives a fully retarded spark, occurring at top dead 
center for starting. The timer distributor is sufficiently ad- 

vanced to permit quick acceleration when the engine is idling. 

Installing and Timing - A wiring diagram of the entire system 
is shown in Pig. III. Anyone familiar with the wiring of an automo- 
bile electric system should 
have little difficulty un- 
derstanding this one. 


To time the distribu- 
tors to the engine, the 
crankshaft is turned until 
the pisuon of No. 1 cylinder 
is on top center on its com- 
pression stroke, as deter- 
mined by a timing disc or a 
timing pointer of some type. 
The distributor heads are 
removed and the timer dis- 
tributor marked 15° is in- 
stalled with the distributor 
finger approximately oppo- 
site the position of No. 1 
electrode. The timer dL^rib- 
utor can be rotated after 
it is mounted through the 
range provided by the slots 
for the mounting studs in 
the base or flange of the 
imit. With the piston on top center the timer distributor should be 
rotated until the contact points Just begin 
to open. This opening may be checked with a 
piece of cellophane in exactly the same 
manner as has been discussed in the section 
devoted to magnetos. If additional movement 
is necessary, it may be secured by loosen- 
ing the screws, M, M, M, in pig. IV, which 
shows the breaker assembly. The nuts which 
secure the timer distributor to the mount- 
ing studs should be tightened when the unit 
is set in the position at which the contact 
points just begin to open. 

Having installed the ''15®*' timer dis- 
tributor, turn the engine crank shaft 
slightly less than two revolutions ahead 
xmtil the piston of No. 1 cylinder is 14® 
before top dead center on its compression 
stroke. The timer distributor marked 8® 
should then be installed in the same manner 
as explained for the "15®" unit. 

Maintenance - At intervals of approximately 100 hours, each 
distributor head should be removed and the lubricating felt which is 






IGNITION 


287 


attached to the cam follower examined. If it is dry, it should he 
oiled with two drops of medium lubricating oil. Great care should be 
taken to see that no oil ever reaches the breaker points since pit- 
ting and burning of the points and possible failure of the entire 
timer distributor might result. 

After examining the felts the breaker points should be checked 
as follows: Beginning with the timer distributor marked 15^, the en- 
gine crankshaft should be turned so that the clearance between the 
contact points is at a maximum. This clearance, measured with a 
feeler gage, should be from .014” to .018”. If adjustment for clear- 
ance is necessary, the two screws A and B (Fig. IV) v^hich hold the' 
contact point assembly, C, in place should be loosened. This contact 
point assembly may then be moved to the right or left until the de- 
sired clearance of .016” is obtained, after which the screws A and B 
are tightened. Vertical alignment of the points may be obtained by 
loosening the two screws D and E and moving the contact point assem- 
bly, P, to the desired position. 

After the proper clearance has been obtained, the crank shaft 
should be turned \intil the piston of No. 1 cylinder is on top center 
on the compression stroke. The three screws, M, M, M, should then be 
loosened and entire breaker housing assembly moved until the contact 
points just begin to open, as checked by cellophane in the customary 
manner. At this position, the distributor finger should be just op- 
posite the No. 1 electrode of the distributor head. The screws, M, M, 
M, should be tightened after adjustment is made. If necessary, the 
two mounting flange retaining nuts may be loosened and the entire 
unit rotated through the range provided by the slots in the mounting 
flange. 


Having adjusted the ”15^” timer distributor, the other may be 
checked in the same manner except that when making the adjustment in 
the contact point opening, the crankshaft should be turned until 
the piston of No. 1 cylinder is at a position 14^ before top dead 
center on the compression stroke. 

As a part of this periodic inspection, the carbon brush in the 
distributor head and the contact spring on the distributor finger 
should be examined for wear. The distributor finger can be readily 
removed with an upward pressure applied by the hand alone . Under no 
circumstances should a screw driver or similar tool be used for pry- 
ing off the distributor finger. 

INSTALLATION AND CARE OF BATTERIES 

The principles of the storage battery and the details of its 
construction have been previously discussed in the chapter devoted 
to the Principles of Electricity. The installation and care of the 
battery while in use will be covered in the following paragraphs . 
The instructions and illustrations in this section are supplied 
through the courtesy of the Electric Storage Battery Go., manufactur- 
ers of "Exide Aircraft Batteries”, one of the most popular types. 

Installation - As a rule, aircraft batteries are shipped fully 
charged and with electrolyte in the cells. If they are shipped with- 
out electrolyte for any special reason, there is usually a tag 
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attached to the "battery giving instructions for filling and charg- 
ing. If, upon arrival of the battery, examination indicates that 
some of the electrolyte has been spilled, it should be replaced with 
electrolyte of the same specific gravity as that in surrounding 
cells. If the specific gravity is below 1.260, the battery should be 
given a freshening charge. 

The battery compartment should be ventilated, dry and clean and 
should not be near the engine or any apparatus that will raise its 
temperature above 110^ P. Its location should be accessible to per- 
mit inspection, the adding of water, and its removal for re-charge. 
The battery should be seated evenly and fastened down by some device 
which produces a snug fit but not an extremely tight fit. Too much 
pressure should not be applied to rubber containers. If hold-downs 
are used on batteries equipped with handles, they should be applied 
inside of the holes in the handles and not to the top of the han- 
cles. The battery compartment should be fully protected with acid- 
proof paint and the container should be properly drained and venti- 
lated. 


Connecting cables must be flexible and long enough to prevent 
an undue pull on the battery terminals. They should be properly an- 
chored and protected against chafing where they are in contact with 
parts of the structure, fire walls, and the like. It should be re- 
membered that the positive terminals are painted red on top, are 
marked "POS.", or identified with a plus sign (-f). The negative ter- 
minals are painted black, marked ^'NEG." or identified with a minus 
sign (-). 

When attaching the cables to the terminals, the terminals eind 
the clamps should be scraped perfectly clean. A film of Ko-Ox-Id or 
vaseline should be applied to the clean surfaces. After the clamps 
or nuts have been tightened, any surplus grease may be wiped off. 

Maintenance - The condition of the battery should be checked at 
least once a week if the ship is being flown regularly, and oftener 
in warm weather. The routine check consists merely of adding dis- 
tilled water to the cells if the level is low and of checking the 
specific gravity of the electrolyte. The low level point is the top 
of the separators and the high point the splash cover on the inside 
in the case of the double chamber non-spillable types, of l/4” above 
the plate protector on the other types. The time of adding water 
during cold weather is Important if the battery is not in a heated 
room. Under such conditions water should be added just before the 
engine is operated or the battery is to be otherwise charged. If 
water is added and the battery left without operating the generator, 
the water will freeze just as readily as if it were not in the bat- 
tery. On the other hand, a fully charged battery will not freeze. 

Nothing but distilled water should be added to storage batter- 
ies unless some of the electrolyte has been spilled. No appreciable 
amount of acid in the electrolyte is ever lost by evaporation. All 
the cells should take the same amount of water. If one consistently 
requires more than the others, the battery should be removed and 
sent to a service station for inspection, as it is probably a leak 
has developed. If the cells flood or sputter electrolyte, it is an 
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indication tiiat the level of the electro- 
lyte is too high and should be lowered by 
withdrawing in the hydrometer. 

The specific gravity of the battery is 
determined by a hydrometer, an Instrument 
consisting of a glass tube in which is a 
float, and is provided with a rubber bulb 
on one end and a rubber tube on the other. 
Strictly speaking, the hydrometer is merely 
the float, but in common usage, the entire 
instrument is referred to by this tem. A 
hydrometer reading is taken by inserting 
the rubber tube into the electrolyte, 
squeezing the bulb, releasing gradually, 
thereby lifting enough of the liquid into 
the tube to support the float. The lower 
the specific gravity of the electrolyte, 
the deeper the float will sink. The sides 
of the float are marked with a scale. The 
reading at the point where the surface of 
the electrolyte strikes the float is the 
specific gravity of the liquid. Fig. I 
shows the hydrometer with a reading of 
1.280 in A, and 1.150 in B. 


The same cell should not be used each time for faking the read- 
ings since there may be a possible loss of a small amomt of elec- 
trolyte. By changing from one cell to another, this loss is spread 
over all the cells rather than only one. If the level of the liquid 
is low, it may be necessary to tilt the cells to obtain enough elec- 
trolyte to supply a satisfactory reading. The syringe must be held 
vertically while the reading is being taken. After the specific 
gravity has been noted, the electrolyte should be returned to the 
same cell from which it was removed. It is important that the syr- 
inge be kept clean, as a dirty hydrometer will not read accurately. 

Readings should not be taken immediately after adding water 
since a certain amount of time is required for the fresh water to 
mix with the electrolyte. If the battery is not on charge, the per- 
iod allowed for mixing should be at least a day. On the other hand, 
if the battery is being charged, an hour will suffice. Another point 
which should be remembered is that the temperature affects the read- 
ing. If the temperature is low, the reading will be high, and vice 
versa. The ideal temperature for testing is from 70° F. to 80° P. A 
change of 30° F® affects the specific gravity approximately 10 
points, or .010. 

General Instructions for Charging - It should be understood 
that there is little likelihood of Injury to the battery as a result 
of its being fully discharged provided it Is promptly recharged. It 
should also be remembered that the ampere hours which may be ob- 
tained from a battery are greater when the discharge is brought a- 
bout by the use of a small amount of current for a long period of 
time than when it is caused by a high rate of discharge for a short 
period of time. In this connection, it may be well to review the 
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explanation of the expression "Ampere-Hour," 

An ampere-hour is a current of one ampere for a period of one 
hour. The capacity of a battery is given in ampere-hours. This fig- 
ure is the product of a number of amperes by a number of hours, por 
example, a 65 ampere-hour battery will produce a current of 5 amp- 
eres for 13 hours, or a current of 13 amperes for 5 hours; or, for 
that matter, a current of 1 ampere for 65 hours. 

High discharge rates (Indicated by a high reading on the am- 
meter), should not be confused with over-discharge. The discharge 
rate may be as high as the battery will put out, provided the flow 
of current is not continued too long. Thus, theoretically, the bat- 
tery mentioned above might be called on for a current of 65 amperes 
for a period of less than an hour without damage. However, a battery 
of this size would not give quite so large an amount of current, and 
furthermore, it is unlikely that the customary wiring would stand 
such a load, 

Batteries must be charged with direct current, not alternating. 
If only alternating current is available, a transformer, or "battea^ 
charger, as it is frequently called, must be used. The positive ter- 
minal of the battery MUST be connected with the positive side of the 
charging circuit; otherwise the battery may be seriously injured. 
The battery compartment must be ventilated, to dispose of all gas 
generated by charging. Furthermore, great caution should be taken to 
keep lighted cigarettes or open flames away from the vicinity as the 
gas is highly inflammable. The vent plug should be kept in the cells 
except when it is necessary to take specific gravity readings or to 
add water. 
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SPARK PLUGS 


One of the jobs frequently assigned to the inexperienced air- 
plane mechanic is the cleaning and overhaul of spark plugs. While 
this Job may appear to be unimportant, such is* by no means the case. 
The spark plug is truly the heart of the engine and if it fails to 
function properly, the engine will likewise fail. Because of these 
facts considerable space has been given to the proper overhaul of 
spark plugs. 

The various models of spark plugs manufactured by the B. G. 
Corporation, of New York City, are among the most popular on the 
market. It is through the courtesy of this company that the follow- 
ing illustrations and instructions are given. While these instruc- 
tions apply specifically to B. G. Plugs, they are also generally 
applicable to any other type of two-piece spark plugs. 

In removing spark plugs from the engine or in overhauling them, 
it is highly desirable to use the proper tools. While wrenches of 
standard size will fit the various sizes of hexagons, it is much 
better to purchase the special wrenches from the manufacturer. Poor- 
ly fitting wrenches often damage the plugs beyond repair. 

Disassembly of Plugs - The core assembly should be removed from 
the shell by holding the plug in a properly fitting socket, which in 
turn is clamped in a vise, and loosening the shell with a special 
double-ended wrench, as Illustrated in Pig. I. If the tools shown 



held directly in the vise or disassembled with open-end wrenches, 
for either procedure is likely to cause damage. As the cores are re- 
moved, they should be placed in holes of the proper size hored in a 
plank supported on blocks or legs of some sort, so as to eliminate 
any possibility of their being damaged or misplaced. Cores should 
not be placed in piles or thrown loosely in boxes. The gasket should 
be removed from those shells which have an internal copper gasket, 
by using a punch with a flat end. 
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Cleanliig Cores - If possible, the cores shotild be placed in a 
special cleaning socket attached to an electric motor turning about 
1,750 r.pom., and cleaned with #00 sandpaper or #150 Aloxite cloth. 
Under no circumstances should emery or carborundum, steel wool, 
files, or metal buffing wheels be used to clean the cores, as chips 
or dust from these materials or tools will become imbedded in the 
mica. Such foreign matter may cause short-circuiting, resulting in 
spark plug failure. Care should be taken when cleaning the cores not 
to remove any more mica insulation than necessary, and also not to 
reduce the diameter of the metal electrode head next to the mica in- 
sulation. Mica spark plugs should not be cleaned by sandblasting, if 
no motor is available the cleaning must be done by hand, holding the 
core in one hand and twisting the sandpaper or Aloxite cloth back 
and forth around the core with the other hand. 

Removing as little material as possible, the firing end of the 
core electrode should be smoothed to a true cylindrical shape, oth- 
erwise, accurate setting of the gaps when the plug is assembled will 
be Impossible. If this work is done with the assistance of the spec- 
ial socket and the motor, it is recommended that the sandpaper or 
the Aloxite cloth be tacked on a narrow strip of wood. 

The core should now be washed with a brush and clean gasoline 
(not ethyl). In the case of shielded plugs, the inside of the barrel 
may be cleaned by wrapping several layers of cloth on a small wooden 
stick, wetting the cloth with clean gasoline or carbon tetrachlor- 
ide, and swabbing the Interior. Plugs or cores should never be per- 
mitted to stand in gasoline more than a few minutes, as the gasoline 
may carry particles of carbon between the layers of mica. 

Inspection of Cores - With a micrometer, or special B. G. gage, 
the diameter of ■feke elect rode at the point where the mica insulation 

starts should be meas- 
ured as shown in Pig# 
II. When this diameter 
is reduced by repeated 
cleaning to less than 
.260” the core should 
be rejected and scrap- 
ped. If the center el- 
ectrode tip has been 
turned away to the ex- 
tent that satisfactory 
gap adjustments can, no 
longer be made, the 
cores should be sent 
back to the manufactur- 
er so that new tips may 
be welded on. This becomes necessary when the diameter of the tip 
has been reduced to approximately .100”. The exterior of the core 
should be dried with cloth and inspected for damage to the mica in- 
sulation and also with respect to the condition of threads, termin- 
als and electrodes. If any of the mica is broken, flaked or dented, 
or if any of the laminations project beyond adjacent laminations, 
the core should not be used. Bemaged threads may be repaired with 
the proper taps and dies obtained from the manufacturer or dealer. 
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The threads should be lubricated with B* G* Mica Lubricant, 
which may be purchased from b* G. dealers, or, in emergency, with 
any grease which does not contain graphite. With the cores resting 
in the plank, electrode end up, place a new assembly gasket on each. 
This assembly gasket must be replaced on plugs which have an inter- 
nal gasket seat every time the plug is taken apart. If the gasket is 
located between the top of the shell and the bottom of the coupling 
nut, it need not be replaced unless it shows signs of distortion or 
scoring. 


Cleaning and Inspection of Shells - If only one or two shells 
are being cleaned, a stiff bristle brusn and gasoline may be used. 
However, this is not an entirely satisfactory method, and where a 
large number of shells are being serviced and facilities are avail- 
able, the procedure outlined below is recommended. Immerse the 
shells in a heated salt bath which is composed of equal parts of 
commercial sodium nitrate and potassium nitrate, raised to a temper- 
ature of approximately 850^ p. This mixture should be melted in a 
cast iron or steel container. The shells should be placed in a wire 
mesh or perforated container. Immersed in the heated bath, and left 
until all bubbling ceases. A considerable amount of lead will be re- 
moved from the shells in the salt bath and deposited in the bottom 
of the container. This lead deposit should be removed frequently. 
CAUTION ! The shells and container must be thoroughly dry and under 
no circumstances should any moisture be allowed to get into the 
heated bath as an explosion is likely to follow. 

After the carbon has been removed, as indicated by the cessa- 
tion of bubbling, the container carrying the shells should be lifted 
out of the bath, allowed to drain for a few seconds and then dipped 
into hot water to remove the remaining salts. If the shells are in 
very bad condition they should be immersed in a 10^ solution of sul- 
phuric acid and heated to 120^ P. until all corrosion or rust is re- 
moved. They should then be rinsed again in hot water. The shells 
should be thoroughly dried . When they are dry, if it is desired to 
impart an attractive finish or color, they may be immersed once more 
in a fresh salt bath for ten or fifteen minutes, drained for a few 
seconds, then washed in hot water and rinsed in clean hot water, af- 
tej? which they should be dipped in light oil, or a mixture of kero- 
sene and oil, to keep them from rusting. 

Another method of cleaning is by boiling the shells in a solu- 
tion consisting of 1 lb. of Magnus No. 64 powder to one gallon of 
water. This powder may be purchased from the Magnus Chemical Co., of 
Garwood, N. J. It should never be placed in an aluminum container 
because of its corrosive effect, and the solution should not be al- 
lowed to come into contact with the hands or clothing. After the 
shells are clean, they are drained, dried with an air hose dipped 
in oil. 


If neither of the methods outlined above can be used, the 
shells may be soaked in gasoline and any hard deposits removed with 
a knife or wire bmish, care being taken that the gasket seat in the 
interior of the shell is not damaged. 


After cleaning, shells should be inspected for damaged hexagons 
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mutilated threads, etc. If the electrodes are so burned away that 
they can no longer be adjusted to the proper shape, the shell should 
be discarded. The thread may be repaired with the proper taps and 
dies, but every precaution should be taken to see that the diameter 
of the root of the thread is not changed. 


If the shell electrodes are distorted, they must be re-formed 
by using the tool illustrated in Pig. Ill, which shows the B. G. El- 
ectrode Forming Tool in A, and the tool in use in B. This tool 




HAND WHEFl. 


SET SCREW 



■ THICKNESS 
SAUCE 


ELECTRODE 

__ . , ADJUSTING 

^ \ / FOOT 

^SPACER BUSHINGS 



should be a part of the equipment of every large service station. 
Pull instructions for its operation may be obtained from the manu- 
facturer. 


Assembly and Final Adjustment - The plug should be assembled by 





means of the sockets 
used in disassembly. 
The cores are placed in 
the sockets and the 
shell tightened with 
the double-ended wrench 
previously illustrated. 
Excessive force in 
tightening should not 
be used, as it may dam- 
age the plug. 

■ The electrodes may 
then be adjusted to the 
proper clearance by the 
use of the tool illus- 
trated in Pig. III. 
pig. IV shows its adap- 
tation to the adjust- 
ment of the gap clear- 
ances. The gap clearance 
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(the space between the center electrode and the points on the shell) 
for the pliig should be obtained from the instruction book of the en- 
gine in which it is to be used* However, the standard setting for B* 
G. plugs is oOlS"* On engines of high power, the gaps may be •012" 
to obtain longer periods between complete plug overhaul. However, 
reducing the gap in this manner may cause low-power engines to idle 
unsatisfactorily. If the tool illustrated in Pigs* III and IV is not 
available, the gap may be set by holding a metal rod with a rounded 
end on the electrode and tapping it lightly with a small hammer. The 
conventional feeler gage is too wide for satisfactory use in check- 
ing gap clearance. The tool Illustrated in Fig. II is supplied by 
the B. G. Company for this purpose, the pointed end, (shown between 
the fingers in Pig. II) being used as the feeler gage. If no such 
tool is available, a standard feeler gage may be cut to a point. 


Testing Plugs - Plugs should 
be t es t ed to see that they spark 
properly* Testing the plug in the 
open air is of no great value, 
because sometimes the plugs will 
spark at atmospheric pressure but 
will not spark \inder the compres- 
sion developed in the cylinder of 
the engine. Hence, it is necess- 
ary to use a testing "bomb", 
which is simply an air-tight com- 
partment provided with a threaded 
hole for the insertion of the 
plug, a glass window for watching 
the spark, a pressure gage for 
indicating the pressure inside 
the bomb, and a hand pump, or 
other means of producing the de- 
sired pressure, which should be 
100 Ibs./sq. in. The pressure may 
be produced either by connecting 
the bomb to a tank of COq (carbon 
dioxide), or to a tank of com- 
pressed air (If the air is dry), 
or by building up pressure with a 
hand pump attached directly to 
the bomb. A testing bomb of the 
hand pump type is shown in Fig.V. 
The hand pump plunger is labelled 
a, the pressure gage is at b, and 
a shielded spark plug is shown at 
£. The current for the spark may 
be produced from a booster mag- 
neto or a regular magneto run by 
a small electric motor. If, with 
the proper pressure in the bomb, 
a bright, steady spark across the 
points may be seen through the 
glass window, the plug may be 
considered satisfactory for use. 
If no spark occurs, or if there 
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is an irregular spark, the plug is defective and if the short cannot 
be located and remedied, the plug must be scrapped. After the plugs 
have been tested and founh satisfactory, they should be placed in a 
rack of some sort to prevent damage. If they are to be stored for 
any length of time, they should be coated with a light film of oil 
and preferably kept in a dry place such as a storage case or cabinet 
heated by one or more electric light bulbs . 

Installation of Plugs - The following instructions are quoted 
from the B. G. Service Manual; 

"When installing plugs in engines, do not use wrenches with 
handles more than 10" long. It is possible, if too much force is 
used in pulling down the plugs in the engine cylinders, to dis- 
tort the plug shells and cause the cores to loosen in the shells. 
If solid copper gaskets, are used, be careful not to pull the 
plugs down so tightly that the bronze cylinder bushing will be 
loosened in trying to take the plugs out later. Be particularly 
careful of this in putting plugs in an engine while it is still 
hot. 


"Cylinder gaskets less than l/l6" in thickness should never 
be used. 

"If using copper asbestos cylinder gaskets, there is more 
danger of the plugs becoming loose in the cylinders, so they can 
be pulled down tighter without danger of injuring the bronze cyl- 
inder bushing when the plugs are taken out. If it good practice 
to retlghten the plugs after the first few hours of engine run- 
nirg when copper asbestos cylinder gaskets are used. 

"The copper and asbestos type gaskets aid in maintaining 
maxlmiun resistance to fouling in the cooled running engines. They 
allow the plug to run slightly hotter. Solid copper gaskets aid 
in reducing plug temperatures in the high compression or hot run- 
ning engines. 

"In Installing radio shielded plugs, there is much more dan- 
ger or pulling the plugs down so tightly as to distort the shells 
and cause the cores to loosen, as the harness and pltig elbow may 
exert a loosening force on the cores . Do not pull the elbow con- 
nection nut down so tightly that the plug core will be loosened 
in the shell when the connection nut is backed off, 

"In tightening the elbow connection nut on the shielded type 
pl\g, hold the ignition cable or harness so that any strain of 
the cable or harness will tend to tighten the plug in the shell 
rather than loosen it." 



CHAPTER 1 1 

STARTERS AND GENERATORS 


The overhaul and repair of starters and generators is the work 
of a specialist and should not be undertaken except by an adequately 
equipped and authorized service station. This chapter is devoted to 
a discussion of the various types of starters and generators, an ex- 
planation of the principles of their operation, and instructions for 
the Installation of the more common types. However, the information 
in the following pages should under no circumstances be understood 
to supplant the manufacturers* instruction manuals, which should be 
consulted before the mechanic attempts to do any work in connection 
with the units in question. 

NON-ELECTRIC STARTERS 

Hand -Turning Gears - Perhaps the simplest form of starter is 
the Eclipse hand-turning gear, illus- 
trated in Pig. I. This type of starter 
is used on engines of low h.p., when 
no battery is carried in the airplane. 

It is operated by means of a handle 
which fits over the shaft, a, and en- 
gages the two pins indicated. The slot 
which fits the pins is in the form of 
a ratchet to eliminate any possibility 
of reversal of the movement of the 
handle in case the engine back-fires 
and the safety clutch in the starter 
falls to function. The installation of 
the handle is in general similar to 
that used on inertia starters and il- 
lustrated in Pig. VI. This starter is 
fastened to the starter flange on the 
engine, the attaching studs passing 
through the holes in the flange of the starter. A large number of 
holes are provided so that the starter may be set at almost any 
angle desired. Engagement to the crankshaft is by means of the rat- 
chet clutch, b. 

The general design of the starter includes a series of reduc- 
tion gears operating an automatic engaging and disengaging mechanism 
through an adjustable torque overload release. This release automat- 
ically disconnects the starter drive if the engine fires backward. 
Starters of this type are often provided with a built-in booster 
magneto geared to the shaft which is turned by the handle, so that 
operating the crank not only turns the engine over but produces a 
hot spark from the booster. 

The operation of the starter is simplicity itself, consisting 
merely of turning the crank until the engine starts, then removing 
the crank handle . (if the handle is not permanently attached). If a 
booster is installed, the turning of the crank should be continued 
until it is evident that the engine will keep on running without 
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need of the hooster. 


riAnnS!; 


The Air In.jectlon Starter - This starter, the compressor for 
which is illustrated In Pig. II, was originally known as the "Hey- 

wood” Starter, but is now manufactured by the 
Eclipse Aviation Corporation. It is no longer a 
common type, since aircraft expensive enough to 
warrant the installation of a starter are usu- 
ally equipped with a battery for radio and oth- 
er purposes. When the ship is so equipped, most 
owners prefer to use one of the several types 
of electric starters. 



The air injection starter 
consists of an engine -driven air 
compressor, a rotating distributor 
valve which is Integral with the 
compressor, an air storage tank, 
an automatic pressure regulating 
valve, a starting valve operated 
by a handle on the instrument 

board or elsewhere in the cockpit, 

a pressure gage visible to the pilot, and a primer, which is also 
mounted within easy reach and is similar to the conventional primer 
pump. 


Coornesry £iG//^ytt /fvrciIJi*), Cor-p 

r/Q-.u 


Prom the distributor valve an air line of copper tubing leads 
to a ball check valve mounted on the cylinder head and opening into 
the combustion chamber. Another air line leads from the distributor 
valve to the air storage tank. The distributor valve is connected 
through gears to the pump drive shaft which is in turn geared to the 
engine crankshaft. By means of this valve, the compressed air may be 
led to each cylinder just after the piston passes top center on the 
firing stroke. As the air passes through the distributor valve on 
its way from the tank to the cylinder, a portion of it forces liquid 
fuel from a priming cup in the starter into the cylinder, thus giv- 
ing a rich charge for starting. 

The air is released from the tank by means of the starting 
valve which is operated by a handle in the cockpit. The use of this 
handle has already been described in the section devoted to starting 
and warming up in the chapter on "Operating the Engine." 

The air which is used from the tank In starting the engine is 
replaced by the pump after the engine is running. When the pressure 
of 450 Ibs./aq. in. is reached, the pressure regulating valve, which 
is an integral part of the storage tank automatically stops further 
charging of the tank. The compressor is then relieved from charging 
the tank and rotates freely under no load until air is used again 
for starting or for some other purpose. (This other purpose may be 
, the operation of the landing gear or wing flaps, a few ships having 
been built with such an arrangement.) 

The advantage of the air Injection starter is its relatively 
low weight and the fact that it turns the engine at fairly high 
speed (about 650 r.p.m.), thus, causing the magnetos to produce a 
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-m-ach better spark then is likely with, other types of starters which 
turn the engine at a considerably lower speed 0 

The Combustion Starter - There are two makes of combustion 
starters in common use, the Coffman Starter, manufactured by the 
Breeze Corporation, and the Eclipse, manufactured by the Eclipse 
Aviation Corporation. The general principles are the same in both. 


C/^RTfttO&g 



An illustration of the complete assembly of the Coffman Starter is 
shown In Pig. III. The Eclipse Cartridge Breech is illustrated in 





pig. IV- A, and the starter proper in IV -B. 
The principle of operation of these start- 
ers is as follows: A cartridge, which clos- 
ely resembles an ordinary shot-gun shell, 
except for the size, is placed in the 
breech. (The cartridge is a little over 1" 
In diameter, and from I-I/2*' to 4” long, 
depending on the type of engine to be started.) The cartridge is in- 
serted in the Coffman Starter by moving the breech-opener lever 90^ 
upward and revolving the breech housing about its axis which opens 
the end of the breech barrel. TUfhen the cartridge has been placed in 
the breech barrel, the breech housing should be revolved to the 
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closed position and the opening lever moved downward against the 
stop* 


After the hreech has been closed, the engine is primed in the 
usual manner, the engine Ignition switch turned on, and the start- 
er switch operated* When the starter switch is closed, a circuit 
through the aircraft battery is completed and the cartridge is set 
off by an electrical spark. The charge of powder begins to expand in 
the breech, forcing the unbumed portion of the charge through the 
Intake tube and into the combustion chamber of the starter where the 
combustion is completed. 

The burning of the powder produces a gas which expands with the 
heat of combustion. The action is Identical with that which takes 
place in a shotgun when the trigger is pulled. The pressure caused 
by this expansion in the combustion chamber acts on the head of a 
piston in the starter, pushing it down. As the piston moves down, it 
causes the clutch jaw, a. Fig. IV-B, of the starter to engage with 
the engine clutch jaw. After engagement, the piston is caused to ro- 
tate by helical splines or threads with a very high lead. This rota- 
tion of the piston causes the engine crankshaft to rotate at a speed 
adequate for starting. 

After the piston has completed its stroke and turned the crank- 
shaft, the exhaust valve in the combustion chamber of the starter o- 
pens and the burned gas passes out through the exhaust tube. At the 
same time, the clutch jaw of the starter is automatically disengaged 
from the engine and the piston is returned to its original position 
by a coil spring. As the piston moves back, the exhaust valve clos- 
es, In case the engine Is damaged so that it will not turn, if there 
is unbumed carbon in the combustion chamber when the new cartridge 
is discharged, or if for any other reason the pressure inside the 
combustion chamber exceeds that which has been established as safe, 
a safety disc in the combustion chamber is ruptured and the pressure 
allowed to escape^ When this occurs, a new safety disc must be in- 
stalled before the starter can be used again. 

Combustion starters are lighter than any other type which can 
be used on large engines. They are also quite efficient, producing 
energy enough to spin a cold engine of the most powerful type. They 
are not particularly common on commercial aircraft, possibly because 
of the expense of operation. (Each cartridge costs about thirty 
cents.) However, they are widely used on Army and Navy ships, due to 
the fact that the weight saved when they are substituted for the 
heavier electric types may be used for ammunition or other military 
load. These starters are mounted on the standard starter flange of 
the engine just as any of the hand or electric types. ''The holes for 
the mounting studs may be seen at b, in pig. IV-B, 

Hand Inertia Starters - Before going into a discussion of the 
principles of the Inertia starter, it is perhaps advisable to define 
the word ^‘inertia’* which is frequently thought of as the tendency of 
an object to remain stationary. However, the true definition is "the 
tendency of a body to continue in its state of rest or motion until 
acted upon by some outside force." 
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The basic design of the inertia starter involves the storage of 
energy in a small, heavy flywheel by accelerating it to a high rota- 
tional speed, then engaging it, by means of a clutch and gears, to 
the engine crankshaft. The momentum, or inertia , of the spinning 
flywheel is thus transferred to the crankshaft and turns the engine 

over rapidly through 



several revolutions. 
The flywheel may be 
brought up to the prop- 
er speed either manu- 
ally or electrically. 
If the latter, the de- 
vice is referred to as 
an electric Inertia 
starter , which is dis- 
cussed in the next sec- 
tion. Pig. V shows an 
Eclipse Series 6 Hand 
Inertia Starter with 
built-in booster magne- 
to. The connection for 
the hand crank is shown 


Cour-t^vy £ciifiSe Corp. 


at a, and the arm or 


bell- crank to which the 
Ficr.ir clutch engaging control 

is connected, at b. 
Prom this aimi a cable or rod is led either to the pilot * s cockpit or 
to a point near the crank handle. 


In Fig. VI is shown a hand crank assembly for the Eclipse Ser- 
ies 7 Inertia Starter. It will be noted that the crank proper is 
connected by means of a ratchet to a shaft which is attached to the 
starter. The reason for the ratchet feature is that when the fly- 
wheel is brought to the proper speed by turning the handcrank, the 
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shaft will continue to rotate as long as the flywheel Is spinning* 
Hence, if the engine should start as soon as the clutch were engaged 
and before the energy in the flsrwheel were entirely absorbed, the 
crank would continue to turn until the flywheel came to a stop* The 
crank is made removable, of course, since it would offer consider- 
able resistance to the air if left attached. 


The actual cranking of the engine by the starter does not occur 
until the flywheel has been brought to the proper speed. Hence, the 
effort required to accelerate the flywheel is entirely independent 
of the size or stiffness of the engine, the temperature, or any oth- 
er factor. This means, in the case of the electrically operated type 
that there is no greater drain on the battery to start a stiff en- 
gine than to spin one which turns easily. 


The starter is attached to the crankcase by means of studs 
which pass through the holes at d. There are a large number of these 
holes though only six studs are provided, as a rule. In this way the 
starter can be set at almost any desired angle. The energy of the 
flywheel is transmitted through a ratchet clutch which is shown at 



c, in Pig. V. Since this clutch is of the 
ratchet type, it is automatically released 
as soon as the engine speed becomes greater 
than the speed of the starter. Furthermore, 
when the engaging mechanism (which is con- 
nected at b in pig. V) is released, the en- 
tire ratchet is withdrawn entirely clear of 
the mating part on the crankshaft. 

Some inertia starters, such as the one 
illustrated, are equipped with an integral 
booster magneto which is geared to the 
shaft of the flywheel. This functions as 
any other booster and serves to supply a 
hot spark even though the engine is turning 
at a relatively low speed. 

The Eclipse External Energizer - On 
large airport's or at the important bases of 
airlines, hand inertia starters are often 
actuated by an external energizer such as 
that illustrated in pig. VII. The shaft and 
pin at a fit into the cylindrical end of 
the starter drive shaft in place of the 
crank handle. The shaft, a, is driven 
through bevel gears by means of an electric 
motor, b, which in turn Is operated by cur- 
rent from a storage battery carried in a 
truck and not a part of the equipment of 
the airplane. This external energizer re- 
lieves the mechanic of the labor of ’'wind- 
ing up” the starter,, and obviously makes it 
unnecessary to carry a starting motor, a 
battery, and a generator in the airplane, 
resulting in ah appreciable saving in 
weight . 
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The energizer is equipped with a torque overload release in the 
form of a multiple disc clutch which j)revents over-taxing the motor 
and also lessens any torque reaction on the operator as the \mit be- 
gins to turn the starter. The motor is reversible > so that it may be 
used on any starter regardless of its direction of rotation. 
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ELECTRIC STARTERS 


Electric Inertia Starters - The electric inertia starter is 
simply the laand” inertia type”” equipped with a motor to spin the fly- 
wheel. The basic type accelerating motor 
manufactured by the Eclipse Aviation Corp- 
oration is shown in Pig. I. 

In case the battery, wMch supplies 
the current for the starting motor, loses 
its charge for any reason, the electric in- 
ertia starter can always be manually opera- 
ted, just as though no motor were provided. 
This is an extremely valuable feature, 

since in cold weather or under any condi- 
tions which are adverse to easy starting, 
it is entirely possible to run the battery down before the engine 

begins to run. This might be a serious situation if it were not 

possible to operate the starter manually. The fact that the starter 
can be cranked by hand is often utilized to save the battery from 
undue strain, or when it is feared that the battery charge is low. 
In such circumstances many mechanics have the pilot or the person in 
the cockpit use the electric motor while the starter is being 

cranked by hand. This combination of effort relieves the battery to 
a great extent and at the same time calls for much less energy on 
the part of the person turning the crank than would be the case if 
no motor were available. 

In operating the electric inertia starter It is, of course, 
necessary to close the electrical circuit between the 
battery and the motor and, when the starter has been 
brought up to the proper speed, engage the clutch. 

These two operations are accomplished through a sin- 
gle push button switch, one type of which is shown In 
Fig. II. Although it is possible to use a switch 
heavy enough to handle the entire current running 
from the battery to the motor, this practice Is not 
ordinarily followed. Instead, a solenoid starting re- 
lay, illustrated in Fig. III> is commonly used to close the circuit 

between the battery and the starter. 1/Vhen this 
device is installed, the heavy wires carrying 
the current from the battery to the starting 
motor are connected to the switch in the re- 
lay, which i.s actuated by the solenoid. The 
solenoid is energized by a small amount of 
current which passes through the push button 
switch, shown in Fig. II. This arrangement 
makes it possible for the wires carrying the 
heavy current to be comparatively short, with 
consequent saving in weight, and hence is al- 
most universally employed. 

The clutch may be engaged either manually, in which case the 
engaging cable is run from the arm on the starter, previously men- 
tioned, to the shaft of the switch button. When so connected, the 
starter is operated by pushing the button imtil the flywheel has 
been brought up to speed, as Indicated by the whine of the gears 
(usually requiring from five to ten seconds), after which the button 
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ELECTRIC 

accelerating 

MOTOR 


is pulled to engage the clutch. A wiring 
diagram showing the entire installation ex- 
3 cept for the connection between the clutch 

SOLENOID operating arm and the switch is shown in 

V STARTING pig* IV- The cable, or rod, from the clutch 

\ RELAY engaging arm is connected to the forked end 

J / of the switch shaft shown at f . It should 

be remembered that this is purely a diagram 
that actually the lightweight cables 
are relatively long since they must extend 
*■==^ 2 ^^=^ from the cockpit to the engine, whereas the 

^lightweight heavy'.rtreight cables are relatively short, 

^.^-'CABLE since they must reach only from the battery 

to the engine, and the battery is commonly 
mounted in the engine compartment. 


Q JL SINGLE CONTACT Instead of an integral booster magneto 

g APUSH PULL SWITCH such as is common on hand inertia starters, 
c*: electric inertia starters are often fitted 

^ with booster coil, by means of which the 

current from the battery is converted to 
^ ^-rrn'rrrrr^ high tcnslon sxid passcs through the distrl- 

b^jjery butor of the engine 

magneto, as previ- 
ously discussed in 
chapter devoted 
JJZ to Ignition. An Ec- 

lipse shielded bat- 
tery booster coll is shown in Fig. V. A wir- 
ing diagram of a system which uses a booster 
coil and a manually operated clutch is shown 
in Pig. VI. This diagram, which was supplied 

jzt 

i2 K SrSTEM 24 K SYSTEM 

TABLE BASED ON 2 V CABLE DROP AT 500 AMPS TABLE BASED ON 4 V. CABLE DROP AT 300 AMPS. 
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QQIL..FQR.. TWO WIRE U NGROUNDED OPERATION 


LET WIRE SIZE a at a 

C it- 6 26. 250 

D \ *8 \ 16, 510 

'3y 

\a\8\c[d\ 


/■p 

\ 

A 


k [£ 


r-. ..H 

□ fTK3A 

1 



■ 



I STARTER MOTOR 
21 SOLE NO 10 STARriNG SWITCH 
BOOSTER COIL 

SINGLE CONTACT PUSH 
PULL SWITCH 

\BOOSTER COIL PULL SWITCH 
TO DISTRIBUTOR 
\6\N0.I6 cambric INSUL. CABLE 
9\nQI4 CAMBRIC INSUL. CABLE 


NOTE.'- FOR ONE WIRE GROUNDED SYSTEMS 


FOR TWO WIRE UNGROUNDED SYSTEM S 



• ACT PUSH PULL SWITCH 

CAur'TWxy PiA/oTjoff Cor-p. 
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through the courtesy of the Eclipse 
Aviation Corporation also gives the 
sizes of all wires. 

Where the engines are located at 
a relatively great distance from the 
cockpit, as in the case of twin or 
four-engined aircraft, it is frequent- 
ly difficult to arrange for manual en- 
gagement of the clutch. In such cases, 
it is customary to use a solenoid en- 
gaging device, such as that illustra- 
tcd lu Fig. VII • Thl s uuit conslsts of 
/=7 1?7T a solenoid energized by the battery, 

and connected by means of a cable or 
rod to the clutch- engaging arm. The cockpit switch used in this case 
is of the double contact type. When the button or handle is pushed, 
the solenoid starting relay closes the circuit between the battery 
and the starting motor, which brings the starter up to the proper 
speed. The button is then pulled, which closes the circuit between 
the solenoid engaging device and the battery, thus engaging the 
clutch. A wiring diagram, showing this hook-up, is shown in Pig. 
VIII. The connection from the solenoid engaging unit, 3, to the 





clutch operating arm is not indicated in the diagram. This connec- 
tion may be either aircraft control cable or a small steel rod. 
Whichever is used, some means of adjustment should be provided so 
that there is no slack in the mechanism. In the case of a cable, a 
tumbuckle makes a satisfactory adjustment. When a rod is used, the 
ends may be threaded and equipped with yokes or terminals screwed on 
the thread. These yokes must naturally be provided with a lock or 
Jam nut to prevent accidental change of adjustment. 

Direct Electric Starters - The direct electric starter consists 
of an electric motor, a gear reduction, and an automatic engaging 
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and disengagii^ meciianism 
which operates through a 
torque overload releasee The 
Eclipse E-160 Direct Crank- 
ing Electric Starter is il- 
lustrated in Fig* IX. It will 
be noted that this starter 
is provided with, a connec- 
tion for a hand crank, shown 
at a, by means of which the 
engine can be turned, through 
the reduction gears, in case 
of battery failure. The" 
starter is attached to the 
engine by means of the bolt 
holes at b, just as the oth- 
er types previously dis- 
cussed. 

In starters of this type the engine is cranked directly by the 
starter without any preliminary storage of energy as in the case of 
the inertia type. Hence, if the engine is unduly stiff, the drain on 
the battery will be proportionately greater. On the other hand, 
there is no waiting to bring a flywheel up to a satisfactory speed. 
This feature is particularly valuable in seaplanes, where instantan- 
eous starting is highly desirable, and often is a means of avoiding 
damage to the ship caused by its drifting into obstructions while 
the pilot is wnltlng for the engine to start. 

Not all of the direct electric starters are provided with a 
hand crank. On the models used with the smaller engines this feature 
is customarily omitted since such engines can usually oe started by 
pulling the propeller.' 

The current from the battery to the starter may be carried 
through the cockpit starter switch, but unless the engine is close 
to the cockpit. It is better to use a solenoid starting relay simi- 
lar to that illustrated in Fig. III. The circuit, in this case, is 
practically Identical with that illustrated in Fig. IV. 

The operation of the starter is extremely simple, consisting of 
merely pushing a button, which may be mounted accessible to the feet 
or the hand, depending upon which is the more convenient. In other 
words, this starter is handled exactly as those commonly used in 
automobiles. However, if the engine does not start after a few revo- 
lutions, the push button should be released for a few seconds, after 
which another effort to start may be made. If, after several at- 
tempts, the engine still refuses to start, an investigation of poss- 
ible trouble should be made, as outlined in the chapter on "Trouble 
Shooting." 
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GENERATORS 


Since the Installation of electrical accessories, such as start- 
ers, landing lights, retractable landing gear units, radio and the 
like, has become increasingly common, even the smaller types of air- 
planes are usually equipped with storage batteries. These batteries 
will become exhausted very rapidly lonless kept charged while in 
flight. This requires that a generator be mounted on the engine. 

Practically all of the aircraft generators are manufactured by 
the Eclipse Aviation Corporation, through whose courtesy the illus- 
trations and descriptive matter in this section are supplied. 

The electrical system of an airplane presents problems differ- 
ent from these encountered in the automobile, although the basic 
principle is the same. In the airplane, the engine is running con- 
tinuously at an r.p.m. which is near its maximum, so that there is a 
tendency for the generator to maintain an extremely high output, if 
the operation is during daylight, there is practically no current 
being drawn from the battery, and even at night the consumption is 
small except when the landing lights are being used. On the other 
hand, a large amount of current is needed for starting and for the 
operation of various electrical devices (landing gears, flaps, etc.) 
through short periods of time, so that the generator must be capable 
of recharging a practically exhausted battery very quickly. This 
combination of circumstances has required that a special type of 
system be worked out for aircraft. 

The Eclipse Company has developed a means of regulating the 
voltage, put into the battery by the generator, which takes care of 
the intermittent load requirements while at the same time preventing 
overcharge of the battery. The following description is quoted from 
the literature of the manufacturers: 

"The Eclipse regulating mechanism is contained in a separate 
cushion-mounted control box. Its operation is automatic and the 
output of the generator •unit is held at a pre-determlned constant 
voltage. The voltage regulating unit within the control box is 
normally adjusted for a constant voltage of either 14.2 or 28.4 
volts, which values are most suitable for use with 12 or 24 volt 
battery systems. The current output of the generator is automati- 
cally varied in accordance with the state of charge of the bat- 
tery and in addition, the amount of current which is being dra'wn 
from the battery and generator at that time. The combination of 
these conditions is the basis upon which the generator charging 
rate is automatically varied by the control box. Thus the proper 
charge is delivered to the battery at all times without danger of 
over-charging • A discharged battery will receive the maximum 
charging rate and as the charging proceeds (providing external 
load requirements do not equal or exceed the generator capacity), 
the charging rate is reduced proportionately, tapering off to a 
trickle charge when the battery has become fully replenished. 

"To preclude the possibility of the generator's becoming 
overloaded, with resultant overheating due to abnormal or excess- 
ive load requirements, a current limit at or unit is provided with- 
in the control box; its function being to limit the maximum cur- 
rent output to a value slightly In excess of the rated capacity 
of the generator. 
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”In addition to the other features of regulation and control 
performed by the control box^ there is included a unit termed a 
reverse current cut-out. This device prevents the battery from 
discharging through the generator when the generator is at rest 
or operating at a driven speed at which it is not developing its 
normal voltage. The cut-out automatically connects and discon- 
nects the generator to and from, the battery at the proper time.” 

tostallation - Fig. I shows a Type E Single Voltage Eclipse 
Generator. Tills generator mounts on the standard 5” SAE Generator 



Cou/rfesy £k:/tp^ Aviation Corp. 

Mounting Flange with which all of the larger engines are provided. 
To install the generator, the plate and gasket covering the genera- 
tor drive and mounting flange on the engine crankcase should be re- 
moved. The mounting flange should be wiped clean and the gasket re- 
placed. The rotation of the engine drive shaft should be checked to 
see that it is correct for the generator being used. The rotation of 
the generator is specified facing its drive end. It may be reversed, 
but it is reooimnended that work of this nature be done by an author- 
ized service station. After the direction of rotation has been 
checked, the generator may be mounted on the studs provided on the 
engine and the nuts tightened down. 

The control box may be located at any convenient place where it 
is accessible for inspection. Care should be taken to have the vi- 
bration reduced to a minimum. After it has been mounted, the wiring 
should be installed. A view of the Eclipse three-unit standard con- 
trol box, with the cover removed, is shown in Fig. II, and an ex- 
ternal wiring diagram for the system in Fig. III. Good quality flex- 
ible Insulated cable of the proper size should be used. The cable 
from F+ on the generator to F+ on- the control box should be not less 
than No. 18 B&S. The other wires, if the generator is less than 
twenty feet from the control box, should be No. 14 B&S for a 15 amp. 
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generator. No, 10 B&S for a 20 or 26 amp. generator. No. 8 B&S for a 
50 amp. generator. If the generator Is more than twenty feet from 
the control box these wires should be No. 12 B&S for the 15 amp. 
generator, No. 8 B&S for the 20 and 25 amp., and No. 6 B&S for the 
50 amp. The ends of all cables should be fitted with terminals, as 
previously described. Care should be taken that the voltmeter and 
ammeter are of sufficient capacity. 



The operation of the generator and control box is entirely 
automatic when the engine is started with the line switch in the 
closed position. The operation of the generator should be checked 
before each flight by opening the engine up to approximately 1600 
r,p.m. If the ammeter shows no charge at this speed, the operation 
of the system should be checked by qualified service mechanics. 






CHAPTER 12 
INSTRUMENTS 


This chapter is devoted to a discussion of the various instru- 
ments required for satisfactory indication of the functioning of 
engine and its accessories. The general principles of these inatru- 
ments are explained and instructions for their installation are 
en. The overhaul and calihration of Instruments does not fall wifhi 
the scope of the mechanic’s duties and should be taken care of 
the man-uf acturer or an authorized representative. Furthermore, since 
this volume concerns itself particularly with engines, fligi^t in- 
stmunents and any others which do not pertain directly to the -now Z 
plant are omitted. ^ ® 



Practically all Instruments are designed for mounting on an in- 
strument panel or board. This board is frequently supported on rub- 
ber to eliminate undue vibration. A typical anti- vibration Miountinff* 
made with Lord vibration absorbers, is shown in Pig. i. a cross- 

section of one Of the 
vibration - absorbing u- 
nits is shown In 
II-A, and a photograuh 
of a single unit ^ 
Fig. II-B. 


Si;PP<)KTEn MCMHKH 




in 


JiOrPOKTlNn MKMMKIi 


Pig. II- A 


Pig. II -B 


The attachment of 
the Instruments to i->io 
panel Itself, which 
usually of sheet duroi 
umin. Is very sinnifi 
A hole of the 
size is cut in the oati 

for 


four mounting screws are drilled. The face of the instrument i 
pushed through from the back of the panel, so that the Diountlriff 
flange is not visible from the front, and the instrument bolted ^ 
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place. Standard instruments are almost invariably one or the other 
of two sizes. The larger size requires a hole 3-9/64'* in diameter, 
while the hole for the smaller must be 2-17/64". In addition, on 
certain instruments which are provided with a knob for setting, it 
may be necessary to cut a small amount of material from the rim of 



DRILL FXHJB HOLES NO. 18 (.1891 
EttUMJ-V SR^CED ON 3'; DIAMETER 

Fig. Ill 



EQUALLY SPACED ON 2 g DIAMETER 

Pig. IV 


the large hole, as Indicated in Pig. Ill, which gives the mounting 
dimensions for a iCollsman Manifold pressure Gage. These dimensions 
are standard for all the large type Pioneer and Kollsman Instruments. 
The Pioneer instruments are usually attached with No. 8 machine 
screws, and the Kollsman with No. 6. 

Pig. IV gives the mounting dimensions for the smaller type of 
instruments. Temperature and pressure gages are usually made in this 
size. Since practically all of the Instruments will fit one or the 
other of the cut-outs shown, no further Instructions for Instrument 
board installation will be given, except where the procedure varies 
from that discussed above. 

TACHOMETERS 

The tachometer indi- 
cates the r.p.m. of the en- 
gine, and hence is one of 
the most Important instru- 
ments* There are three types 
of tachometers in general 
use: the centrifugal, the 
magnetic, and the electric. 

Another type, once widely 
used but seldom found today 
Is the ohronometric • 

The Centrifugal Tach - 
ometer - The centrifugal 
tachometer is probably the 
most common of the three 
types. Fig. I shows a Pion- 
eer c ent rlf ugal t achomet er 
arranged to show r.p.m. up 
to 3,600, the inside arc 
ccirrying the figures for 
readings above 2,500. 



Pig. I 
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Pigo II is a schematic drawing of the inside of the instrument 
and illustrates the principles involved. The operation of this in- 
strument depends upon centrifugal forcej, the intensity of which is 
determined by the speed of the rotating object. The mechanism is 
actuated by a flexible drive shaft, connected at one end to the en- 
gine and at the other to the shaft, S. The flexible shaft usually 
consists of a core of spring steel wire, surrounded by a coil of 
smaller wire, its appearance being that of a long, helical spring. 
Enclosing this shaft is a housing of flexible tubing, provided with 
fittings at each end. These fittings screw on the tachometer con- 
nection of the engine, and, at the other end to the boss, B, of the 
tachometer head. This boss is provided with external threads not 
shown in the drawing. 

The gear, C, attached to the shaft, S, drives the pinion, P, at 
a high rate of speed. The flyweights, W, are mounted on the ends of 
links, L, which are connected to the collars, P, and C. The collar, 
P, is fixed to the pinion shaft, but the collar, C, is free to slide 
up and down the shaft. This lower collar is provided with a flange, 
on which the roller, R, rides. The helical spring, wrapped around 
the pinion shaft between the collars P and C# tends to hold them 
apart and keep the weights, W, close to the shaft. When the shaft 
rotates, the weights must rotate with it, and through centrifugal 
force tend to move away from the shaft in the direction indicated by 
the arrows at W. As these weights move out they pull the collar, C> 
up the shaft towards the collar, P. The roller, R, is necessarily 
carried up with the collar, G* This movement actuates the remainder 
of the mechanism, the various parts of which move in the direction 
indicated by the arrows shown in the front view (on the upper part 
of the illustration) , Since the centrlf-ugal force is proportional to 
the speed of rotation, the dial may be graduated so that the hand 
indicates the r.p,m. of the engine. The coll spring shown around the 
center of the shaft which carries the indicator hand is used simply 
to maintain a slight tension and prevent fluctuation of the hand. 

The Kollsman Magnetic Tach- 
ometer " The face of this in- 
strument , one model of which is 
illustrated in Pig. III> is the 
same in general appearance as 
all other tachometers. It may be 
obtained with two hands, or 
pointers, the longer of which 
makes an entire revolution of 
the dial for each hundred r.p.m. 
Since these divisions are sub- 
divided into five parts, varia- 
tions of twenty r.p.m. are ac- 
curately indicated. The shorter 
hand moves through one numbered 
division for each thousand r.p.m. 
Thus, the reading on the Instru- 
ment shown in Pig. Ill Indicates 
1,750 r.p.m. 
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The following description is quoted from the manufacturer's 
manual: “The tachometer consists essentially of a powerful magnetic 
rotor, driven by a flexible shaft through a gear transmission, an 
inductor drum mounted for rotation around the rotor, and a calibrat- 
ing-spring for the inductor. 

“The rotating magnetic field of the rotor generates an electric 
current in the inductor, which, in turn, causes a torque of the in- 
ductor against the calibrating spring. As a result, the inductor is 
rotated to that position where its torque is balanced ‘against the 
calibrating spring. This rotation is proportional to the speed of 
the rotor, and therefore to the speed of the engine, 

“The pointers, connected to the inductor shaft, indicate, in 
terms of r.p.m., on an evenly spaced scale, accurately, steadily, 
without oscillation or jumpiness. “ 


The Electric Tachometer - Several companies manufacture elec- 
tric tachometers. The great advantage of this type lies in the fact 
that the accuracy of the reading is not affected by the distance be- 
tween the instrument and the engine. I'i/hen a mechanical tachometer is 



^ installed at some 

K distance from the 

engine, as in the 
^ case of large, multi- 

engine airplanes, the 

r length of the flexi- 

ble drive shaft is 
likely to affect the 
accuracy of the reading, due 
to the springiness and whip 
of the shaft. This is a ser- 
ious objection, especially 
where it is necessary to syn- 
chronize several engines. The 
electric tachometer eliminates 
this difficulty, since there are 
no moving parts between the en- 
gine and the instrument. 


/ 

Fig, IV 


The first electric tacho- 
meter for aircraft use was brought out by the Weston 
Electric Instrument Corporation, It consists of a 
generator, which is moxinted on the engine and driven 
by the standard tachometer drive, and an Indicating 
head, similar to an accurate voltmeter, but calibrat- 
ed to read in r,p.m, instead of volts. Thus, the only 
connection between the engine and the instrument in 
the cockpit is a pair of electrical cables. 

The Kollsman electric tachometer employs a dif- 
ferent principle, A generator is mounted on the tach- 
ometer drive connection on the engine and an indica- 
tor on the instrument board just as in the case of 
the Weston tachometer; however, the indicator con- 
tains, instead of a voltmeter, a small motor which 



316 


AIRCRAFT ENGINE MAIN TENAKCE 


rana In synchronism with the generator. The Indicator hand is moved 
by means of a small magnetic drag tachometer which accxxrately shows 
the r*p*m# The face of this instrument is the same in general ap- 
pearance as that of the conventional type. The generator for the 
Kollsman electric tachometer is shown in Fig. IV. This is connected 
to the tachometer drive on the engine by the nut, a. The shielding 
for the cables running to the instrument is shown at b. 

Tachometer Installation - The instrument, or indicating head, 
is fastened to tke instrument panel by the method previously des- 
cribed. In the case of the oentrlftJgal and magnetic types, the shaft 
installation is an Important consider at ion; The connection of the 
two ends of the drive shaft is extremely simple, consisting merely 
of fitting the ends of the shaft to the instrument and engine, re- 
spectively, and tightening the retaining nut. However, sharp bends 
in the drive shaft are extremely undesirable, since the shaft itself 
rubs against the housing, causing undue wear as well as inaccurate 
readlxigs. Accordingly, the lead from the Instrument to the engine 
must be as straight and direct as possible. The housing should be 
protected against chafing wherever It passes a structural member and 
furthermore must be supported wherever possible by small metal 
clamips, safety wire, or friction tape, properly shellacked. 

In the case of electric tachometers, the cables from the gen- 
erator to the instrument must also be properly supported, but sharp 
bends are of no importance, provided the cable is not kinked. It is 
desirable to consult the instruction manual of the manufacturer be- 
fore installing electric tachometers in order to avoid any possibil- 
ity of making an incorrect electrical hook-up. 

PRESSURE GAGES 

file Measure gages referred to under this heading are those 
used chiefly for Indicating the pressure in Ibs./sq.ln. at which the 
lubricating oil is being pumped through the engine; or the pressure 
at which the fuel is being delivered to the carburetor. Pressure 
gages are also used to indicate the pres- 
sure in hydraulic mechanisms, such as 
landing gear hoists, flap controls, etc., 
and for showing the pressure in storage 
tanks, such as those used for injection 
starters and for pressure fire extinguish- 
ers. The principle employed in' all of 
these is the same, but the capacity var- 
ies. For example, a pressure gage for an 
injection starter will indicate pressures 
up to 600 Ibs./sq.ln; oil pressure gages 
usually read from 0 to 120 or 200 Ibs./sq. 
in. Manifold pressure gages are not in- 
cluded in this group, since the principle 
of their operation is usually different. 

A Kollsman oil pressure gage is illustrat- 
ed in Pig. I. This gage indicates oil 
pressures up to 120 Ibs./sq. in. 

A diagram of the Pioneer pressure gage is shown in Fig. II* 
The principle employed In this gage is that usually found in such 
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such instnmientso The gage is actuated by means of a Bourdon tube, 
shown at B, in Pig* IIo This tube is made of spring -tempered brass 
or bronze tubing of elliptical cross-section. It Is sealed at one 
end and connected at the other to the feed line^ N. The liquid 
passes through the opening, 0, and into the Bourdon tube. if pres- 
sure is applied to the liquid, the Bourdon tube tends to straighten 
out. As it straightens, it operates, through suitable linkage, the 
geared sector, G* This sector meshes with a gear on the shaft which 
carries the indicator hand or pointer. The shaft is stabilized and 
kept from vibrating by the coil spring, S. The linkage is so ar- 
ranged that the movement of the hand is in direct proportion to the 
pressure inside of the Bourdon tube. 

Installation of Pressure Gages - Pressure gages are mounted on 
the instrument board as previously described, using, as a rule, the 
smaller of the two sizes of holes. Prom the pipe fitting (N, in pj[g . 
II), a line of copper or aluminum tubing, usually 3/l6" or l/4” in 
diameter, is led to the proper connection on the engine. The loca- 
tions of these connections are always shown on the installation 
drawings supplied by the manufacturer of the engine. The oil pres- 
sure connection Is usually somewhere near the oil p\imp* The fuel 
pressure connection may be on the carburetor, or it may be on the 
relief valve assembly, depending on the fuel system installation. 
The connections to the instrument and to the engine or fuel system 
must be absolutely tight, particularly in the case of oil pressure 
gages, since otherwise the liquid will leak out. This is undesirable 
not ' only from the standpoint of “messing up“ the power plant and 
causing a possible fire hazard, but also because a leak is likely to 
affect the accuracy of the reading on the gage. The pressure line 
must be Installed without sharp bends and must be properly supported 
by some of the methods previously described in the sections devoted 
to the installation of fuel systems and other piping. If the oil 
pressure line is long, the instrument may read inaccurately in cold 
weather unless the line is filled with an oil of lighter grade than 
that used in the engine; for, since the oil in this line is not in 
circulation. It has no opportunity to be heated by the engine. 

STJCTION GAGES 

Suction gages are used with suction 
pumps which drive Instruments operated by an 
air- Jet, such as turn indicators, artificial 
horizons, etc. Some of these instruments use 
a Bourdon tube similar to that described In 
the paragraph above and others use an aner- 
oid barometer. The second type is the more 
accurate. The suction is registered in 
Inches of mercury. Pig. I shows a Kollsman 
suction gage. These instruments are instal- 
led just as the pressure gage. 

MANIFOLD PRESSTJRE GAGES 

Manifold pressure gages are used to in- 
dicate the absolute pressure (or suction) in 
the intake manifold. As a rule, they are in- 
stalled on airplanes equipped with engines 
whether the engines are supercharged or not. The instrument is 
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of 200 h.p., or more, 
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desirable on unsupercharged engines, 
since when used in connection with 
the tachometer, it enables the pilot 
to determine how much h,p. is being 
developed* On supercharged engines, 
a manifold pressure gage is almost 
essential* These instruments may be 
obtained with various types of dials. 

Some of them are equipped with two 
hands, one of which is set to the (^~ 
sired manifold pressure while the 
other indicates the existing pres- 
sure. Others have part of the dial 
marked in red to indicate dangerous 
pressures, a third arrangement con- 
sists of two hands geared to each 
other with a ratio of 1 to 10, so 
that one hand moves entirely around 
the dial for each 10” of pressure 
while the other moves through one 
numbered division. The reading in all types, as in the case of the 
suction gage, is in inches of mercury. Fig* I shows a Pioneer mani- 
fold pressure gage of the simpler type, provided with a single hand 
and having the area of dangerous pressure marked with a red sector. 
This red sector is visible through a slot in the dial and may be set;, 
prior to installation, to the figure recommended by the engine manu- 
facturer. The setting on this particular instrument is made by in- 
serting a screw driver in the slot at the end of the pinion shaft. 
The slot is made accessible by removing a screw located in the rear 
of the case opposite the pressure connection. After the setting is 
made, the screw must be carefully replaced, being sure that the lead 
gasket is installed, so as to make the case air-tight. If there is a 
leak, the instrument will not function correctly. 

The principle involved in this Instrument is the same as that 
employed in the altimeter. The line from the manifold to the instru- 
ment leads into an aneroid barometer. A suitable mechanism for oper- 
ating the hand is attached to the diaphragm of this barometer. 

The instrument is installed on the instnmient board in the cus- 
tomary manner and a copper or aluminum line is led to the connection 
on the engine. The location of this connection varies with the dif- 
ferent engines, but may be ascertained from the engine instruction 
book. Needless to say, the connections must be absolutely tight and 
the line must be properly supported and protected against chafing. 

TEMPERATURE GAGES 

Temperature gages are of two general types, the vapor and the 
electric. They are used to indicate the temperatures of the engine 
oil, the cooling liquid (in liquid-cooled engines), the carburetor 
air intake, the engine cylinders and crankcase, etc. 

The Vapor Type Ten erature Gage - This Instrument consists of 
an indicating head, a capillary tube, and a bulb. The instrument 
proper is simply an extremely delicate pressure gage of the Bourdon 
type. To the Bourdon tube is connected a number of feet of very fine 
tubing, terminating in a metal bulb which contains some volatile 
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material, such as ether. All joints are hermetically sealed, so that 
there' is no possibility of the vapor escaping. When the temperature 
of the bulb is raised, the vapor inside expands and creates a pres- 
sure in the Bourdon tube. The face of the instrument is calibrated 
to read in degrees Fahrenheit or Centigrade instead of pressure 
units; for the expansion of the vapor, and hence the pressure inside 
of the instrument, is proportional to the increase in temperature. 
The vapor type temperature gage is never used for indicating ex- 
tremely high temperatures, the limit, as a rule, being 212^ p. or 
100^ C. Pig* I shows the dial of a Kollsman temperature gage, or 



theimometer, and Pig. II illustrates the capillary tubing and the 
bulb. 



es may also be obtained in combination with 
other instruments. Pig. Ill 
shows a Kollsman Engine Gage 
■unit which combines a tempera- 
ture gage, an oil pressure gage, 
and a fuel pressure gage. Natur- 
ally, there are connections on 
the back of the case for all 
three ins-bruments • 

Installation of Vapo^ 
Therm^eters - The installation 
on the Instrument panel is en- 
tirely conventional, using the 
smaller of the cut-outs pre- 
viously described. The particu- 
lar caution to be observed is 
in the handling of the capil- 
lary tube. The instrument usu- 
ally comes packed with this 
tubing coiled in the box. Great 
care should be taken in uncoiling it to avoid kinks or damage of any 
sort. Th® same care shotad be observed In leading; the tubing from 
the cockpit to th® engine, or wherever the bulb Is Installed. If 
possible, the Instrument should be obtained with tubing of the exact 
length necessary. However. If the tubing is too long, the excess 
should be carefully wrapped Into a coll of approximately 6" In 


Fig. Ill 
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diameter. This coil should be woxmd with friction tape and should be 
supported so that it does not vibrate. The bulb is provided with 
threads to fit the thermometer connection on the engine, as may be 
seen in Fig. II. The end of the bulb to which the tubing is attached 
is hexagonal in shape. This section may be held with a wrench while 
the coupling nut is tightened, thus eliminating any likelihood of 
twisting the capillary tubing. Needless to say, if the capillary 
tube is cut or nicked, the instrument is ruined and can be repaired 
only by the manufacturer. 

Electrical Resistance Thermometers - Resistance thermometers 
have several advantages over the vapor type. They are faster in op- 
eration j there is no capillary tube to be damaged, and if either the 
bulb or the indicator is injured, it can be replaced without replac- 
ing the remainder of the device; by means of a selector switch, the 
same indicator, or head, may be used to show temperatures at a num- 
ber of different points; a greater range of temperature can be meas- 
ured. 


The principle involved, as the name implies, depends upon the 
variation of electrical conductivity, or resistance, with a varia- 
tion in temperature. A standard re- 
sistance bulb is connected into one 
of the arms of a ^JVheat stone Bridge 
circuit, energized by the regular 
storage battery carried by most air- 
planes. The instrument, or indicator, 
is connected across the circuit so 
that the bridge circuit remains in 
electrical balance. A change in the 
temperature causes a change in the 
electrical resistance of the bulb, 
which upsets the electrical balance 
of the bridge circuit . The hand of 
the instrument will then move to the 
right or left, depending upon whether 
the temperature change is up or down. By calibrating the dial to 
read in degrees, the temperature can be accurately indicated. 



pig. IV 


Pig. IV shows a carburetor temperature indicator manufactured 
by the Lewis Engineering Company, and Pig. V shows the parts of a 



resistance bulb which screws into the same type of fitting as the 
vapor bulb. The wires are connected to the two prong plug shown in 
the center of Pig. V. The bulb shown is equipped for radio shielding. 
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the housing for v/hioh is shown to the left of the illustration. 

The Thermocouple - Neither of the two types of thermometers 
previously discussed is suitable for measuring the temperatures at- 
tained by the cylinder heads and other parts of the engine. it is 
uesirable to measure the temperature of certain points^ as it is an 
indication of the functioning of the engine. por example, if the 
mixture is too lean, or if the cowling is not properly designed, the 
cylinder head temperatures may exceed safe limits; if lubrication is 
inadequate, the cylinder bases will overheat. To find the tempera- 
tures at such points, it is customary to use an instrument known as 
a thermocouple . 

The principle of this instrument is based on the fact that when 
two dissimilar metals are brought into contact with each other, they 
will act as an electric generator and produce a definite electro- 
motive force. This e.m.f. is constant with two given metals, provid- 
ed the temperature of the metals remains constant. If the tempera- 
ture changes, the e.m.f. also changes. This change may be measured 
by a sensitive galvanometer which is calibrated to read in degrees 
of temperature instead of in electrical units. 

The complete thermocouple consists in general of a unit made of 
two dissimilar metals, usually iron or copper and const antan, held 
in contact with each other; electric cables leading from each of the 
metals; and an indicator, provided with terminals to which the 
cables are attached. In case it is desired to use one indicator for 
obtaining temperatures at a nxunber of different points, the cables 
from the thermocouple lead to a selector switch and additional 
cables run from the switch to the indicator. By turning the switch 



to a given position, usually marked by a number, the temperature of 
the corresponding point on the engine will be shown on the indicator. 
An indicator manufactured by the Lewis Engineering Company is shown 
in Pig. VI, and an 18-point selector switch in Pig. VII. This switch 
provides for connections to the head and base of each cylinder of a 
nine-cylinder engine. 

Connections to the engine are ordinarily made by means of a 
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gasket OP a blind rivet. The gasket takes the place of one of the 
spark plug gaskets and hence is used for showing the temperature of 
the cylinder head. The blind rivet type of connection is used at the 
cylinder base or elsewhere on the crankcase. 


Installation of Thermocouples - The Indicator is mounted on the 
instrument panel just as any other instnament. The switch is ordi- 
narily mounted beside the Indicator, though it may be located at any 
convenient point. The blind rivet thermocouple is installed by dril- 
ling holes to fit the rivets (usually with a No, 31 drill) 1/8” deep 
and not more than 3/8” between centers. Copper rivets are forced in- 
to the holes and expanded by tapping steel pins which pass through 
them. The gasket type of thermocouple replaces the regular spark 

'©POINT SWITCH mD\CATOR mOlCATVOR 
BACHv V\E:W front V\E:W &ACK view 



plug gasket. Before installing it, all grease or oil must be cleaned 
from the gasket seat at the spark plug hole and from the lower sur- 
face of the thermocouple gasket. The upper surface of the gasket 
should be coated with a thin film of grease so that the gasket will 
not be distorted when the spark plug is tightened. The thermocouples 
should be attached to the leads by means of machine screws and nuts 
of proper size. The indicator and switch are connected by means of a 
switch lead. One end of the lead is connected with the studs on the 
back of the indicator and the other end to the studs marked 
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”Ind. Lds.” on the back of the switch* The back of the switch, the 
back of the indicator, and other installation information is given 
in Pig. VIII; also a four-point switch Is shown at the bottom of 
figure. The thermocouple leads should then be connected to the 
switch studs which are stamped with nximbers which correspond to po- 
sitions on the front of the switch. Since the positive and negative 
studs .are, of different sizes, it is impossible to reverse the con- 
nections . 

After the entire installation has been made, the switch should 
be turned to the ”OPP^’ position, (if no switch is used, the indica- 
tor should be disconnected.) A reliable thermometer should be placed 
in the cockpit or cabin and sufficient time allowed for the thermo- 
meter to reach the cockpit temperature. The adjusting screw in the 
indicator glass Is then rotated until the pointer indicates the tem- 
perature shown on the thermometer. After the adjustment is made, in 
the case of a system using no switch, the connections which were 
broken should be replaced. . The leads should never be lengthened or 
shortened, since they sire calibrated to a definite resistance, if it* 
becomes necessary to trace leads from the engine end, a spare gasket 
type thermocouple may be attached to the leads in question and heat- 
ed with a soldering iron or a match* The switch may then be tried in 
different positions until the Indicator registers. In this manner 
the position of the leads on the switch may be readily determined. 

In case more than 18 points on the engine are to be checked by 
one indicator, two switches will be necessary. In this case, ob- 
viously one or the other must always be in the ”0PF" position. 

FUEL LEVEL GAGES 

The purpose of the fuel level gage is to indicate the amount of 
fuel In the tank. The simplest form of level gage consists of a cork 
or hollow brass float, to which is attached a rod. The rod extends 
through a hole In the tank and a red ball Is mounted on the outside 
end of the rod. A tube of transparent material, usually of stream- 
line shape, is fitted over the hole in the tank through which the 
rod projects, said encloses the end of the rod and the ball. As the 
level of the fuel changes, the float naturally moves up or down, as 
the case may be, and the ball moves with it. By noting the position 
of the ball inside of the transparent tube, the level of the fuel 
may be immediately ascertained. Gages of this type may be mounted 
under the tank where the tank Is installed in the wing, or on top of 
the tank if it is installed in the fuselage. They are Inexpensive 
and seldom give any trouble unless the float becomes saturated with 
the fuel. However, such gages can be used only when the transparent 
tube is visible to the pilot. 

Another type of fuel level gage is electrically operated and is 
similar in general to those used on automobiles. There are a number 
of variations in detail design, the installation and operation of 
each being different. Before attempting to install or repair elec- 
tric gages, full information should be obtained from the manufactur- 
er. 


The Hydrostatic fuel Level Gage - Pig. l shows the cockpit 
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portion of a Pioneer Hydrostatic Fuel Level G-age, Its operation 
depends upon the principle that the pressure exerted by the volume 
of liquid is proportional to its depth. Fig. II is a diagram ex- 
plaining the features of this gage. A cell, C, is mounted at the 
bottom of the fuel tank. Small holes in the bottom of the cell per- 
mit the fuel to pass from the tank to the inside of the cell. The 
top of the cell is connected by tubing to the inside of the dia- 
phragm of a differential pressure gage. A small pump is connected 
into this tube line, between the diaphragm and the cell. Prom the 
upper portion of the instrument a tube is carried from the point at 
which the cell is vented, so that the pressure inside of the instru- 
ment case, but outside of the diaphragm, will be the same as the 
pressure inside the fuel tank above the level of the fuel. 

When the gage is first installed, the tube which runs from the 
top of the cell, C, will, of course, be full of fuel up to the level 
of the fuel in the tank. The pump is operated and as air is forced 
into the line, the fuel is forced out until the cell, C, is full of 
air. The pressure which it is necessary to maintain on this air is 
obviously proportional to the depth of the liquid in the tank, and 
since this pressure is transmitted directly to the diaphragm, the 
diaphragm expands accordingly. Through the. mechanism illustrated, 
this movement of the diaphragm is transmitted to the indicating hand. 
The face of the instrument is calibrated in gallons and is different 
for every installation, since obviously the movement from full to 
empty on a deep tank is much greater than on a shallow tank. For 
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this reason the gage illustrated is not well adapted to extremely 
thin, flat tanks. 

Changes in air pressure resultiiig from variation in elevation, 
in barometric pressure, or in temperature, cause the loss of small 
quantities of air from the cell, C. This air may be replaced at any 
time by operating the pump. The gage continuously shows the amount 
of fuel within the limits of the errors caused by the slight loss of 
air. The exact reading may be obtained by use of the pump and it is 
customary before taking an accurate reading to operate the handle of 
the pump by pulling and releasing it several times. 

The installation of the indicator and the pump on the instru- 
ment board is the same as in the case of any other instrument. The 
pump is mounted in a hole 1-9/64*' in diameter, held in place by 
screws, equally spaced on a circle 1-3/4*' in diameter. Pig. Ill 
shows complete installation information with two types of cells. The 
cell at the left is the type used when it must be installed in a 
tank already built. The one shown at the right is built into the 
tank while it is under construction. Naturally, all joints must be 
absolutely airtight. When ordering a gage of this type, drawings of 
the tank and complete installation information should be given the 
manufacturer. 
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THE PRESSI7RE WARNIN& UNIT 

Fig. i iEowi EEi front and side views of a Pioneer pressure 
warning unit* These units are designed to warn the pilot immediately 



Fig* I 


of any drop in the pressure or vacuum system* They have found an im- 
portant place on multi-engine planes where the pilot has so much to 
watch that he can give only intermittent attention to instruments 
not in the flight group* 

The mechanism in these units is similar to that of a sensitive 
pressure gage of the corrugated diaphragm type. However, there is, 
in addition, an electrical contact, one side of which may be con- 
nected through a 12-volt battery to a suitable warning device, such 
as a light, buzzer, horn, or any other means of attracting the 
pilot’s attention. Usually a red light is used for the warning sig- 
nal. If the fuel or oil pressure should drop below the safe minimum 
or if the vacuum system fails to function properly, the red light 
goes on and attracts the attention of the pilot to the system which 
la not functioning properly. 

As may be seen from Pig. I, the unit is mounted on the instru- 
ment board by means of two screws. The line extending from the rear 
of the Instrument is connected into the pressure line on the system 
for which the indicator is intended, that is to say, fuel, oil, or 
vacuum. Electrical connections lead throvigh the tube extending from 
the side of the Instilment. 

THE EXHAUST GAS AHALYZER 

pig. I shows an exhaust gas analyzer manxif actured by the Cam- 
bridge Instrument Company, Inc. The device illustrated in this fig- 

Intended for use on a single engine airplane. Pig. II shows 
the indicator unit used on a four-engine airplane. Pour analysis 
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cells, one for each en^^ine, are 
required in the latter install 
latlon* The following descrip- 
tion of the instrument is quoted 
from the literature of the man - 
uf acturer . 

’'The Cambridge Aero Mix- 
ture indicator, designed as a 
flight instruirient for aircraft, 
analyses the exhaust gas from 
the engines and shows the re- 
sult of this analysis on an in- 
dicator scaled in terms of 
Fuel- Air Ratio over a range of 
•11 to .066, In addition to the 
fuel -air ratio figures there is 
provided a scale upon which ap- 
pears manifold pressures, the 
scales being so related as to 
indicate the optimum mixture ratio for a given manifold pressure. 
Such a second scale can be had only when the correlation data be- 
tween manifold pressures and fuel-air ratios is available for the 
particular engine with which the Instrument is to be used. 


“With this Instrument the pilot has continuously before him an 
accurate indication of the mixture ratio, whether near sea level or 
at high altitudes, and with this guide can correctly set the mixture 
controls. The accuracy of this method renders obsolete the older and 
less accurate practice of using the engine tachometer and head tem- 
perature pyrometer as guides in adjusting mixture controls. With the 
advent of the automatic variable-pitch, constant- speed propeller, the 
tachometer Indication is no longer useful and it becomes absolutely 
necessary to provide other means of indicating mixture ratios. 

"The adv^tages of the Aero Mixture Indicator can briefly be 
summed up as follows ; 


(a) Al^ility to obtain best performsmce of engines un- 
der any given set of conditions. 

(b) Maximum economy in gas consumption. 

(c) Economy in gas permits an Increase In pay load 
since a smaller fuel supply is required. 

(d) Safety factor in event of emergency when fuel 
supply is low, the instrument enabling the 
pilot to fly the maximum length of time with 
the remaining fuel. 

(e) Protection against the possibility of damage to 
engine which might he caused by operating with 
too lean a mixture. 

(f ) A continuous check on operation of automatic carburetors 
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^Operation of the instmmeht is based on the well known thermal 
conductivity principle wherein four platinum spirals forming the 
four arms of a Wheatstone bridge circuit are employed^ two being ex- 
posed to the gas under test and two being exposed to a gas of known 
heat conductive capacity. The known or ’standard* gas in this in- 
stance is moisture saturated air which is contained in the small 
chambers where the * comparison* spirals are located. The spirals are 
heated a definite amount by an electric current said they will remain 
in balance as long as they are surrounded by similar gases and thus 
are at like temperatures. However, when the *test* spirals are ex- 
posed to the exhaust gas, the bridge will become unbalanced result- 
ing in a deflection of the galvanometer pointer to an extent com- 
parable with the variation in the constituents of the gas and in 
this manner it is possible to determine the mixture ratio directly.” 

The illustration in Fig. I shows the parts necessary for the 
installation, including nipples which are attached to and extend in- 
side of the exhaust pipes, copper tubing to conduct the exhaust gas 
to the analysis cell, and rubber hose connections for the joints be- 
tween the tubing and the nipples, as well as between the tubing and 
the analysis cell. The exhaust gas is led to the pipe marked ”IN" 
and from the pipe on the cell marked ”0OT” is led to the outside of 
the airplane. 

”The analysis cell is mounted adjacent to the engine so that a 
sample of the exhaust gas can readily be obtained and passed through 
the cell by way of the inlet and outlet pipes provided. It is in the 
cell that the Wheatstone Bridge is located. The cell is shipped with 
the cable already attached and this cable is provided with a quick 
detachable plug for connecting to a socket on the back of the indi- 
cator unit. There is another socket and plug on the back of the in- 
dicator unit for the current supply for instrument operation. The 
Indicator unit, of the standard size of 3-1/8”, is placed in the in- 
stilment panel where it may be easily observed by the pilot. It is 
provided with Individual lighting, luminous scale, and automatic 
current regulation so that no adjustments are ever required in this 
respect. Furthermore, no switches or controls are required, the in- 
strument being connected to the regular instrument current supply 
line, thus relieving the pilot of all operating duties. The instru- 
ment can be provided for operation on either 12 or 24 volts D. c. 

When ordering this instrument the manufacturer and model of the 
engine, the octane rating of the fuel, the electrical current avail- 
able, and the length of the cable required to connect the indicator 
unit to the analysis cell should be specified. The installation is 
extremely simple and little or no maintenance is required. However, 
complete Instructions are furnished by the manufacturer with each 
instrtment and should be consulted. 

'i/Vhlle the Aero Mixture Indicator is a highly desirable aid in 
the operation of any aircraft, it becomes essential to the operation 
of high-power, high-performance engines from the standpoints of both 
safety and economy. Thousands of commercial transports and military 
planes throughout the world are so equipped. 



CHAPTER 13 
PROPELLERS 


The installation, maintenance and repair of the modem types of 
propellers is, for the most part, the work of a skilled specialist. 
Even the assembly to the crankshaft of a constant speed or hydromat- 
ic propeller is a more or less complicated procedure not within the 
scope of the ordinary mechanic's duties. On the other hand, any en- 
gine mechanic should be able to mount a wooden or a constant pitch 
metal propeller and to perform routine inspection and maintenance on 
the blades, and other exterior parts, of any model. He should also 
understand something of the general theory of propellers and the 
principles of operation of the controllable and constant speed 
types. Accordingly, this chapter is devoted to a brief discussion of 
propeller theory, an explanation of the mechanisms of the control- 
lable varieties, and instructions for ordinary service on fixed and 
adjustable pitch models. The maintenance of the more complicated 
types is not discussed and should not be attempted except in a regu- 
lar propeller service station. 

PROPELLER NOMENCLATURE 


In order to understand a discussion of propeller theory the 
various parts soad aerodynamical terms should be understood. 

Propeller Parts 

Blade - One arm or limb of a propeller from the center to the tip. 
Propellers are made with two, three or four blades. 

Blade back - The surface of the blade which corresponds to the top 
surface of an airfoil, or, the surface toward the front of the air- 
plane. 

Blade face - The surface of the blade which corresponds to the bot- 
tom of an^airfoll, or the surface toward the rear of the airplane. 
Boss - The thickened center portion of a propeller, ordinarily used 
In reference to wooden propellers. 

H^b - In a wooden propeller, the metal mounting used for attaching 
tEe propeller to the engine crankshaft. In a metal propeller, the 
central portion which is fitted to the crankshaft and which carries 
the blades. 

Hub nut - The nut which locks the hub to the crankshaft. strictly 
speaking, it is a part of the engine rather than of the propeller in 
most cases. 

Root (of the blade) - The thickened portion of the blade near the 
center. 

Spider - A fairing, roughly conical or semi-ellipsoidal in shape, 
fitted to the propeller boss and revolving with it. It was once 
thought that spinners Improved performance, but they are seldom used 
today . 

Tip (of the blade) - The portion of the blade furthest from the 
center. 

Tipping - A covering, usually of brass, monel metal or stainless 
steel, over the blade tips of a wooden propeller to prevent damage 
from gravel or spray. 
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Description and Aerodynamical Teims , 

Blade angle - The acute angle between the chord of a section of the 
blade and a plane perpendicular to the axis of rotation. See Pig- I- 
Blade area “ The developed area of rron'h o/= /^ire^/on& 

the blade face exclusive of the Chord Ltn& 

boss and the root, or, in other 0/cide 

words, the area of the effective t 

portion of the blade. The pro pel*- — ar fV/^gc/ygy ? of 
area ia the area of one blade ^ 
times the number of blades. 

Diameter - The diameter of the circle described by the tips when the 
propelTer is revolving. In other words, the length of the propeller 
from tip to tip. 

Disk - The circle described by the tips when the propeller is re- 
volving. 

y f ic iency (propeller) - The ratio of the thrust power to the power 
derive red by the engine. Not to be confused with propulsive effici- 
ency. 

Interference - The effect upon the action of the propeller by ob- 
yects too near the effective portion of the blade. 

Pitch - Effective pitch is the distance an airplane advances along 
its flight path for one revolution of the propeller. G-eometric pitch 
is the distance that any element of a blade would advance if it were 
moving in a solid medium, or if there were no slip. 
section (of blade) - Any cross section of the propeller blade in a 
plane parallel to the axis of rotation. 

Slip - The difference between the effective pitch and the geometric 
pitch. 

Slipstream - The stream of air driven back by the propeller. 

Thrust - The force exerted by a propeller in a line parallel to its 
axis of rotation. 

Track - The path of the blade if rotated with the airplane station- 
ary. If the blades "track", each will follow the same path. 


PROPELLER THEORY 

Generally speaking, the airplane propeller is simply a series 
of rotating airfoils. When it is turned by the engine, air is driven 
hack and the reaction of this air tends to pull or push the ship 
ahead (if the propeller is of the tractor type, mounted ahead of the 
engine, the effect is one of pulling; whereas if it is mounted be- 
hind the engine, as a pusher, its effect is to push the airplane 
forward). Propellers are made with one, two, three or four blades. 
The two-blade type is the most common except in the case of large 
transports and bombers, on which three^bladed propellers are almost 
universally used. 

Each section of a propeller blade is a carefully designed air- 
foil. The sections near the tips travel at a higher speed than those 
near the hub; hence the blade angles become less toward the tip. The 
sections near the center, or root, of the blade move at a compara- 
tively low speed and are commonly much thicker and built at a great- 
er angle than those of the outer portion. The greater thickness is 
necessary to enable the blade to withstand the stresses occurring in 
this region. With the exception of the portion very near the hub, 
each section of the blade is designed and set at such an angle that 
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when the propeller is being operated 
at a given r.p.m« and forward speed, j \ 
the highest efficiency of the sec- t \ 
tion will be obtained. This means i \ 



The angle at which each section meets the air In flight is much 
less than the actual blade angle of the section, due to the fact 
that the propeller is moving forward as well as rotating. This is 
illustrated graphically in Pig* I* The circumference of the circle 
through which the section of the blade £ moves is shown as a hori- 
zontal line, £ - . The length of this line is, of course, the cir- 

cumference of^the circle with a radius equal to the distance of the 
section from the center line of the propeller or propeller axis. If 
this distance or radius is designated by the letter R, the length of 
the line is, of course, 2 ttR. The distance which the airplane, and 
consequently the propeller, moves forward while the propeller is mrk- 
ing one revolution is indicated by the vertical line c - f , This is 
effective pitch. The true blade angle is the angle between the 
projected chord line, £ - a, of the section, and the horizontal 
line, £ - £* . This angle is designated by the letter ;t. The effect - 
ive blade angle, e, is the angle between the projected chord line 
and the line c - which represents the actual path of the blade 
section. The distance from f to a represents the slip as a linear 
dimension. A study of the diagram will show that the smaller the 
distance travelled {£' - f ) during one revolution, the greater will 
be the slip (f - a) and consequently the lower the efficiency of the 
blade. Obviously, “"then, for best efficiency, if the airplane is mov- 
ing slowly, the pitch, or blade angle, should be low; whereas. If 
the speed of the airplane Is high, the pitch should also be high. 
TMs fact should be clearly understood and remembered in the discus - 
sion of controllable and const ani^ speed propellers . ~ ^ 

A propeller must be capable of withstanding severe stresses, 
which are greatest near the hub. These are caused by centrifugal 
force, which tends to pull the blades away from the hub, and by the 
thrust, which tends to bend the blade forward. Hence, the rear side 
of the blade is subjected to tension from the centrifugal force plus 
additional tension from the bending. It is for this reason that any 
nicks or scratches In this portion of the blade may cause veiy seri- 
ous consequences. The stresses mentioned Increase In proportion to 
of the r.p.m. in other words, If the r.p.m. of the pro- 
peller Ta doubled, the stresses are Increased according to the 
square of 2, or 4 times. It is extremely difficult to calculate the 
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stresses Involved with any degree of accuracy. Accordingly, new 
types of propellers are usually subjected to a destruction test in 
which the propeller is whirled by a powerful electric motor to a 
much higher speed than any it will encounter in actual use. Such 
testing can be done only in specially equipped testing laboratories 
where proper safety precautions have been taken; for, if a propeller 
breaks under test the blades are thrown off with the speed of a 
rifle bullet. As an indication of the strength required, it may be 
mentioned that the blades of some metal propellers are designed to 
withstand a tension at the hub of 300,000 lbs. 

A propeller must be designed not only to withstand the stresses 
just discussed, but must also be rigid enough to prevent what is 
known as fluttering . Fluttering is a type of vibration in which the 
ends of the blade twist back and forth at high frequency, the twist- 
ing being around an axis perpendicular to the engine crankshaft. It 
is accompanied by a distinctive noise, often mistaken for exhaust 
noise. This constant vibration tends to weaken the blade and may 
eventually cause failure. Failure of a propeller blade in flight is 
certain to wreck the engine, no matter how quickly the switch is 
shut off, and in several cases has been known to throw the engine 
completely out of the airplane. 

Propellers of relatively large diameter, and consequently turn- 
ing at comparatively slow speed, are more efficient and much more 
quiet than smaller propellers turning at higher speed. This is one 
of the arguments in favor of geared engines, since the rotational 
speed of the propeller can be kept relatively low while the r.p.m. 
of the engine is relatively high. This combination produces good 
propeller efficiency and high h. p. at the same time. 
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TYPES OP PROPELLERS 


Propellers may be divided into two main groups, the wooden and 
the metal. Various other materials, such as micarta, have been used 
to a limited extent, but are seldom found in modem aircraft. Metal 
propellers are sub-divided into a number of different varieties, 
each of which will be discussed in detail below. 

WOODEN PROPELLERS 

The firsF^propellers used were made of wood and for many years 
no other material was employed. Wooden propellers are used widely 
today on engines of less than 300 h.p., but are seldom found on the 
larger engines. They have the advantage of being much less expensive 
and much lighter than any of the metal types, it is also claimed by 
many that they are more efficient on the smaller varieties of sport 
airplanes, particularly in the case of seaplanes. Their disadvan- 
tages are that they are affected to some extent by climatic condi- 
tions, temperature, humidity, and the like, and that they can seldom 
be satisfactorily repaired in case of any but very minor damage. Al- 
so, because they are lighter and hence have less flywheel effect, 
most engines do not run quite as smoothly with wooden propellers as 
they do with those made of metal. 

Wooden propellers are made of a number of laminations approxi- 
mately 3 / 4 ” to 1" in thickness, glued together under high pressure 




with waterproof glue. The reason for this laminated construction is 
to elliaiiiate warping as much as possible. After the glue has set, 
th^ propeller is roughed out to approximate dimensions on a machine 
known as a propeller lathe, after which it is allowed to hang for a 
week or more so that the moisture content of the laminations will 
become equalized, it is then carved by hand to Its exact dimensions 



PROPELLERS 


337 


and the tipping and protective coatings applied. 

The wood from which propellers are made is 
ordinarily kiln dried until its moisture content 
is very low, usually between and 7^. The most 
popular wood for propeller manufacture is birch, 
although oak, walnut, mahogany and other woods 
are sometimes used. Propellers have also been 
made from a combination of woods, alternate lam- 
inations being spruce, or some such soft wood, 
and walnut or mahogany, on the theory that soft 
and hard wood may be glued together better than 
two pieces of hard wood. 

The wooden propellers for commercial 
use are ordinarily protected with a nmber of 
coats of clear varnish. Those intended for mili- 
tary airplanes are usually first painted with 
aluminum enamel and finished with colored enamel, 
maroon for the Army and gray for the Navy. An- 
other protective coating consists of aluminum 
foil applied on "tacky” varnish with a final ap- 
plication of the colored enamel just described. 
However, few military ships use wooden propel- 
lers. 

THE ONE-PIECE METAL PROPELLER 

The first metal propeiler was invented by 
the late Dr. S* A. Reed and developed by the 
Curtiss Aeroplane & Motor Company. It consisted 
of a flat slab of duralumin, about 3/4" thick, 
twisted to the proper pitch and provided with 
wooden bosses at the center, to which the metal 
hub was bolted. This type of propeller has been 
discontinued. 

The modem Curtiss one-piece propeller is 
made of forged duraliunln and is similar in gen- 
eral appearance to a wooden propeller except 
that the sections are much thinner. It is pro- 
vided with a steel insert at the center, two 
types of inserts being provided, one to fit en- 
gines with tapered crankshafts and the other to 
fit spline shafts. Cross-sections of the two 
types of hubs will be shown later in the section 
devoted to "INSTALLATION OP PROPELLERS." An il- 
lustration of the complete propeller is given in 
Pig. I. The manufacturers claim the following 
advantages for this type of propeller: light 
weight, due to the one-piece construction and 
the consequent elimination of heavy attachments 
at the root of the blade; low maintenance cost, 
also due to the one-piece feature; efficient 
cooling for radial engines, because of the thin 
section at the root of the blade; high ground 
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r.p*m. in proportion to the flight r.p.m.> thus improv- 
ing take-off; high aerodynamic efficiency and smooth op- 
eration. 

Although there is no joint between the blades and 
the hub, the pitch of the one-piece Curtiss propeller 
can be changed, within reasonable limits, by any proper- 
ly equipped propeller service station. This change is 
accomplished simply by twisting the blade slightly and 
may be done without heat treatment. The same applies to 
repairing the blades when they have been slightly bent 
in an accident. The extent of the damage which it is 
permissible to repair will be discussed later under 
''MAINTENANCE OP PROPELLERS." 

THE HAMILTON STANDARD ADJUSTABLE PITCH PROPELLER 

A two-bladed Hamilton Standard adjustable pitch 
propeller is illustrated in pig. I. This type of propel* 
ler is also made with three or four blades. The particu- 
lar features of the design are that the angle and conse- 
quently the pitch of the blades can be adjusted on the 
ground by rotating or twisting them in the hub and that 
individual blades can be replaced at any time in case of 
damage . 


The blades of the Hamilton Standard Propeller are 
made of forged aluminimi alloy. The hub is made of steel, 
drop-forged and machined to exact dimensions. The hub is 
made in two halves held together at the ends by clamping 
rings. The component parts of the hub may be seen in 
pig. II, which shows one clamping ring in position and 
one di s as s embled • 

Vi 






The root of the blade 
is round, which gives it 
its adjustable feature. It 
is provided with shoulders 
or flanges which fit into 
grooves, g, provided in 
the hub. See Pig. II-A and 
II-B. Certain models of 
this propeller have only 
one shoulder and one 
groove Instead of two. 
These shoulders prevent 
the blade from being pul- 
led out of the hub by 
centrifugal force# The 


PROPELIiERS 


339 


blades are kept from twisting and thus changing the pitch by the 
tight grip of the clamping ring. 

The blades of this propeller cannot be adjusted in flight and 
should be set by the factory or a propeller service station. How- 
ever, in an emergency, they can be set by any mechanic. 

HMILTOH STMDAro CONTROLLABLE PITCH PROPELLER 

The dam! It on standard Controllable pitch propeller may be ad- 
justed to either of two positions while in flight. The low pitch 
position is used for take-off and steep climbs. The reason for the 
desirability of a low pitch while taking off has been explained in 
the preceding section, ^'PROPELLER THEORY." The high pitch position 
is used for cruising and high speed operation. The propeller is set 
to the desired position by means of a control located on the instru- 
ment board or elsewhere within easy reach of the pilot. The princi- 
ple of operation is Illustrated by Pig. I and Pig. II and is ex- 
plained in the following paragraphs, which are quoted from the ser- 
vice Manual of the manufacturers. 

"The Hamilton Standard Controllable Propeller in its present 
form represents years of intensive development of the hydraulic 
principle of operation. This method was selected because it offered 
a positive means of control with a minimum number of parts; light 
weight with simplicity of construction; high dependability with long 
life. The control forces are carefully calculated so as to be ample 
for the purpose, with no possibility of reaching sufficient magni- 
tude to break any of the parts. 

"In operation, the engine oil pressure is used only to move the 
blades into the low pitch position. The blades are shifted to the 
high pitch position by means of centrifugal counterweights which are 
attached directly to the blade ends. 

"An oil -pres sure line from the main pressure supply in the en- 
gine is conducted to a three-way valve and thence, through a col- 
lector ring, into the interior of the front end of the crankshaft 
and out into the pitch- ope rating cylinder. The three-way valve is so 
arranged that rotation of the valve stem will cause the oil line 
leading to the propeller to be connected with the pressure supply in 
one position or with a drain directly into the crankcase in the 
other position. When this oil valve is thrown into the pressure sup- 
ply position, the oil flows through the collector ring into the 
crankshaft and out into the cylinder, causing the cylinder to move 
forward on the piston. 

"As the cylinder moves forward the counterweight bearing shaft, 
which is attached to the base of the cylinder, moves in the cam slot 
of the counterweight bracket. This bracket is attached to the -blade 
bushing by means of index pins. As the bearing shaft moves up the 
cam, it causes the bracket to turn. This turning of the bracket is 
transmitted to the blade, rotating it to the low pitch position. 

"When the three-way valve is turned to the *drain» position, 
the oil pressure on the cylinder head is released. On the arm of 
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each hlade hraclcet is a counterweight, The centrifugal force gener- 
ated by these counterweights turns the brackets and rotates the 
blade to the high pitch position. 

"Most of the later high powered American engines incorporate a 
built-in valve as standard equipment. This permits ready installa- 
tion of the Hamilton Standard Controllable pitch Propeller. Adapta- 
tions of other engines have been worked out in cooperation with the 
engine manufacturers. If it is desired to install a controllable 
propeller on an engine not incorporating the valve, the engine manu- 
facturer should be consulted. 

"The action of the hydraulic and coimterwelght controls is such 
that extra force is available for movement into low pitch, when the 
revolutions are below the normal value, and extra control forces are 
available for going into high pitch, when the revolutions are above 
the noimal value.” 

HAMILTON STANDARD COHSTAHT SPEED PROPPXLEjR 

The improved efficiency obtained by the use of a constant speed 
propeller, with particular respect to climb, is Indicated in the 
diagram shown in Pig. I. This diagram also shows the improvement 
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pared with the fixed pitch type. There is no difference in the prin- 
ciples of operation of the two-position propeller and the constant 
speed. The constant speed merely incorporates an automatic governor 
and control. The following explanation and illustrations are sup- 
plied through the courtesy of the Hamilton Standard Propeller Com- 
pany: 


Principles of Operation - "As is well known, the primary func- 
tion or any constant speed propeller is to permit the engine to run 
at desired r.p.m* regardless of altitude or forward speed of the 
airplane. This is lmpoz*tant not for propeller performance but for 
engine operation, since power depends on both the r.p.m. and the 
throttle opening. The constant apeed propeller makes possible the 
control of engine speed independent of the throttle. prom one 
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standpoint It acts as a governor holding r.p.m. constant no matter 
whether climbing, diving or flying level, prom another standpoint it 
acts as a controllable load, permitting the engine to develop as 
much of its full rated power as the pilot wishes. 

”Thls is accomplished by automatic change of propeller pitch. 
In the Hamilton Standard design the pitch is shifted by oil pres- 
sure, the propeller itself being basically the same as the Hamilton 
standard two-position controllable* counterweights acted on by cen- 
trifugal force provide the operating force to move the blades towaa?d 
high pitch, and the oil pressure works in the opposite direction 
against the counterweights, setting the pitch to any intermediate 
position between full low and full high. 

"Pitch is automatically selected by a separate unit called the 
Constant speed Control which regulates the oil pressure in the 
propeller operating cylinder. A simple gear pump in this unit boosts 
the engine oil pressure up to 180-200 lbs* per square inch where it 
is maintained by means of a relief valve* Although considerably less 
pressure is normally required to shift pitch, this comparatively 
high value is desirable to give responsive pitch changing action 
when called for by the constant speed control. It provides better 
governing and eliminates over-reving and imder-reving which might 
result from sluggish action. 

"The sketches in Pig* II indicate propeller, constant speed 
control, and booster ptimp in their associated relation for three 
different operating conditions. The first, ’ Under speed * , is the case 
where r.p.m. is less than that desired, such as occurs momentarily 
when the airplane is pulled up into a climb, or when the throttle is 
moved to a partially closed position. The second, »Overspeed», is 
the case where r*p.m. is more than that desired, such as occurs 
momentarily when the plane is nosed down into a dive, or when the 
throttle is opened rapidly. In the third case, *0n Speed’, the r.p.m. 
is exactly the amount for which the control is set and there is no 
need to increase or decrease the propeller pitch. 

“In the speed control a pilot valve moves up and down in a cyl- 
inder in response to the action of fly weights working against the 
tension of a spring referred to as the ’r.p.m. spring’. The fly 
weights are driven by the engine in proportion to engine speed; the 
tension of the spring is controlled by the pilot. Obviously the 
greater this spring tension is, the faster the fly weights must ro- 
tate before they can compress the spring upward. When they are not 
rotating fast enough to accomplish this, the spring forces the pilot 
valve downward so that it uncovers the port leading to the propeller 
feed line as shown in the ’Underspeed’ sketch. This allows oil under 
pressure from the booster pump to flow to the propeller, decreasing 
its pitch. When the fly weights are rotating faster than the speed 
for which the spring tension is set, they compress the spring, car- 
rying the pilot valve upward, opening the propeller port and allow- 
ing the oil in the propeller cylinder to drain back to the engine. 
This shifts the propeller toward high pitch as shown in the ’Over- 
speed’ sketch. The ’On Speed’ condition results when the rotation of 
the fly weights is just sufficient to balance the spring tension and 
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hold the pilot valve so that it closes the propeller port. Rnder 
these conditions the pitch remains constant. This is the stabilized 
condition in which the pitch is exactly rl^t to give the desired 
r.p.m. — 
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ON SPEED Pilot Valve Closes Propeller Line Cut-away View of Constant Speed Pjropeller 
To Maintain Pitch TT Installation 

"The booster pump is a simple gear type driven by the engine. 
Oil from the engine pressxire system feeds Into It and la boosted to 
higher pressure. This high pressure oil fills the space between the 
necked-down section of the pilot valve and the walls of the cyllnasr, 
and backs up against the spring-loaded relief valve. When the pres- 
sure builds up to about 180 Ibs./sq.ln. the relief valve opens al- 
lowing some of the oil to circulate around the pump and come back 
into it again on the low pressure side, the same oil being used over 
and over without drawing on the engine lubrlcatlhg supply. Only when 
the pilot valve moves downward as shown in the »IIhderspeed» sketch 
does any of the oil flow out to the propeller# and in this case only 
is there a demand for more oil from the engine supply. At all other 
times# ’ Overspeed t and •On Speed*# the relief valve stays open re- 
lieving enough of the pressure to maintain 180-200 Ibs./sq.ln. 
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"Also shown is a cut-away section of the standard constant 
speed control mounted on the nose section of an engine with the pro- 
peller installed on the engine shaft. This gives a clear idea of the 
oil passage leading from the engine pressure supply to the booster 
pump and of the feeder line from the pilot valve to the propeller. 
In the feeder line the oil flows in both directions, to the propel- 
ler when decreasing pitch and from the propeller when increasing it, 

"All Hamilton Standard controllables can be converted readily 
into constant speed propellers by the installation of a constant 
speed control on the engine and by conversion of the propeller to 
greater pitch range, if necessary. In some cases other minor parts 
have to be changed, but in every instance the conversion can be ac- 
complished as a field modification. 

"Operating characteristics of constant speed propellers require 
a departure from the conventional method of manual mixture adjust- 
ment. Any increase or decrease of power obtained by adjusting the 
carburetor fuel/air ratio is accompanied by a change of propeller 
pitch such that the r.p.rn. is not affected. Tachometer Indications, 
therefore, cannot be depended on as with fixed pitch propellers, and 
Instead it is customary to use automatic mixture controls or 
fuel/air ratio indicators, such as exhaust gas analyzers and fuel 
flow meters. 

"Provision is made so that the pilot can discontinue the gov- 
erning action whenever desired and shift the propeller into full 
high pitch. This is important, however, only in case of engine fail- 
ure on a multi-engine airplane, wherein the perfomance of the plane 
with one engine out can be materially improved by shifting the dead 
engine propeller to full high pitch where its wind-milling drag is 
much less than in low pitch. 

"The benefits derived from constant speed propellers are most 
apparent in the case of high performance airplanes, especially when 
equipped with supercharged engines, por high speed, especially when 
reduction gearing is employed, comparatively high pitch settings are 
required. On the other hand low pitch settings are required during 
take-off. Therefore, the range between low and high pitch is large 
for high performance planes and it becomes increasingly difficult 
for the two-position controllable propeller to provide satisfactory 
performance at all times, 

"To illustrate the advantage provided by a constant speed pro- 
peller, the accompanying curves in Fig. Ill show the thrust horse- 
power available in level flight at cruising manifold pressure with a 
fixed pitch propeller, a two-position controllable propeller, and a 
constant speed propeller. The curves have been plotted from actual 
calculations based on a representative high performance airplane and 
engine . 


"The lowest of the three curves shows, the thrust horsepower 
available with a fixed pitch propeller set to give cruising engine 
r.p.m. at 17,100 feet altitude with full throttle in level flight. 
The intermediate curve shows the thrust horsepower available with a 
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fixed pitcli propeller adjusted to give cruising r.p,m. at 10,000 
feet altitude with cruising manifold pressure in level flight; and 
the third curve indicates the thrust horsepower available with a 
constant speed propeller Installed on the same plane and engine. 
This shows that the maximum allowable cruising power can be utilized 
at all altitudes from sea level up to 17,100 feet altitude. With the 
constant speed propeller 18.6^ more power is available at sea level 
than with the propeller set for 10,000 feet, i. e., a fixed pitch 
propeller or a two-position controllable propeller in high pitch. 
Likewise with the constant speed propeller, 34.8ji more power is 
available at sea level than with the propeller set for 17,100 feet 
altitude, 1. e., the high pitch setting of a two-position control- 
lable propeller*” 
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” Propeller Adjustments - Hamilton Standard propellers for con- 
stant speed operation are furnished with pitch ranges of either 10^ 
or 20®. The 10^ type is adequate for the average commercial plane, 
especially where high supercharging is not used* The 20^ type is de- 
sirable for high performance planes with highly supercharged engines. 
This greater pitch range is necessary to permit full take-off r.p.m. 
at the blocks and also to prevent excessive r.p.m. when flying at 
high speed at high altitude. 

"It is unnecessary and undesirable to employ a greater pitch 
range than that actually required. Consequently stops are provided 
in the pitch changing mechanism of the propeller so that the posi- 
tive low and high pitch positions can be limited by adjustment. 
Normally these adjustments can be made without reindexing the pro- 
peller, but if reindexing is necessary the propeller must be disas- 
sembled and the procedure outlined in Hamilton Standard Service Bul- 
letin #110A should be followed. 
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20^ propellers are used on land planes the limiting stops 
should be adjusted so that with the propeller in low pitch the en- 
gine will turn up at the blocks about 50 r.p*m. in excess of the 
full rated value. Thus if the engine is rated at 2400 r.p.m. for 
takeoff, the low pitch stops should be adjusted to allow the engine 
to turn about 2450 r.p.m. at the blocks at rated manifold pressure. 
This makes it possible for the pilot to set the constant speed con- 
trol to 2400 r.p.m* while still at the blocks, and therefore permits 
him to run the engine at full takeoff power prior to starting to 
take off. As a precautionary measure it is advisable not to adjust 
the low pitch limit so low that it would be impossible to continue 
flight in case of the propeller being accidentally forced into posi- 
tive low pitch. Actual flight tests should be made to determine the 
lowest low pitch at which the airplane can maintain level flight 
with the constant speed propeller in positive low pitch. 

”If 20^ propellers are used on seaplanes, the low pitch stops 
of the propeller should be adjusted so that the engine turns about 
50 r.p*m. less than the rated maximum value at the start of the 
takeoff. If desired, stops located at the constant speed unit may be 
so adjusted so as to allow the engine to turn up 50 r.p.m. in excess 
of the rated maximum value and before flying the low pitch stops of 
the propeller should be reset so as to hold the engine about 50 
r.p.m. below the rated maximum value. 

”The adjustment of the high pitch limiting stop is normally 
that necessary to permit the constant speed to function in crxiising 
descent from altitude or other noimal conditions of power descent. 
This, however, requires the use of some form of automatic mixture 
control or suitable fuel/alr ratio indicator. If mixture control ac- 
cessories are not employed, the high pitch limiting stops should be 
adjusted to a lower pitch so that at cruising critical altitude the 
constant speed feature requires practically all of the high pitch 
for cruising power in level flight. This adjustment permits shifting, 
if necessary, to positive high pitch for manual mixture control. 

"In many cases the performance of an airplane is not appreci- 
ably impaired by using propellers with only 10^ pitch range although 
this may not be sufficient to permit full takeoff r.p.m. at the 
blocks as well as constant r.p.m. in a power descent. In such cases 
the performance may be entirely satisfactory by indexing the propel- 
ler so that the low pitch limit permits the engine to turn up to 
within 100 or 200 r.p.m. of the takeoff value at the blocks, while 
the high pitch limit is sufficiently high to prevent engine over- 
speeding under conditions of moderate power glide. 

"In the case of 10® propellers the entire range can usually be 
employed, but where the full 10® is not needed the stops should be 
adjusted to limit the low pitch and high pitch as stated above for 
the 20® propellers. 

" Manual Adjustment of Constant Speed Controls - In the instal- 
lation of constant speed controls It is extremely important that the 

system provided for manual adjustment from the cockpit be properly 
constructed so as to permit the pilot to adjust the desired r.p.m. 
accurately and conveniently, so that when once adjusted it will not 
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be subject to change. Consequently the system should be free from 
lost motion and not liable to*creep.* 

"Since the constant speed control governs the engine r.p.m. in- 
dependent of throttle adjustment, it is essential that the method of 
manually adjusting the constant speed control be considered as im- 
portant as the throttle installation. Pig. IV shows one of three rep- 
resentative types of systems which have been found satisfactory for 
manual adjustment of the constant speed controls. That illustrated 
makes use of cables and pulleys; the second utilizes push-pull rods 
and levers; and the third is a universal- Joint torque tube system. 
Suitable levers or cranks can be employed in the cockpit as desired 
with any one of these systems. Other means of manual adjustment from 
the cockpit may be used and the selection of the type best suited to 
each installation is a matter which can best be determined by the 
airplane manufacturer or operator." 
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section in Fig. II. Tills propeller marks a notable advance in safety 
of airplane operation. The description and Illustrations given here 
are supplied by the Hamilton Standard Company. 
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”Tlie development of airplane performance has continued to the 
point where the range of pitch adjustment of existing propellers is 
barely sufficient to take care of the requirements. The speed range 
of new aircraft is steadily increasing, ceiling is increasing, and 
in military types there is a growing tendency for the use of power 
descents in certain maneuvers. All of these factors tend to require 
a greater range of pitch adjustment, and whereas the first cont rel- 
iables used only four or five degrees of pitch angle change, current 
types are using up to twenty degrees, and projected types will need 
still more . 

”In addition to the requirements for additional pitch range, 
there has been a need in certain types of airplanes for stopping the 
rotation of engines which may have failed in such a way as to render 
their continued operation dangerous. In some cases this has been 
done by the use of friction brakes acting on the propeller shaft. 
The action of these brakes is comparatively slow, however, and re- 
sistance to forward motion of the airplane and the propeller stopped 
by the brakes is quite high. On the other hand, if the pitch angles 
of the propeller are rapidly increased to about 87 degrees at the 
three-quarter radius point, the rotation of the engines is stopped 
almost instantly and the resistance of the idle propeller is reduced 
to a minimum. The practice of adjusting the angles of a propeller to 
this position, where the chord of the blades is nearly parallel to 
the line of flight, is called ’feathering*. The difference in ceil- 
ing of a twin-engined airplane with one propeller feathered compared 
to the case of one propeller braked may be as much as 2,000 feet un- 
der certain conditions, so that the feathering procedure shows a 
material improvement in performance where one engine must be stop- 
ped. A nxmiber of airline operators have found the disposition of 
idle engines of great importance, especially in connection with long 
range operations, and the feathering feature enables them to solve a 
serious problem. 

^ Construction and Operation - Throughout the design, the serl- 
ousness and Import since of the safety problem has been fully recog- 
nized. One of the most important advances in this connection has 
been the application of a method of measuring vibration stresses in 
the blades. This method has been under development in the Hamilton 
Standard laboratory for the past six years and is considered as of- 
fering a marked contribution to propeller safety. 

"In construction, the Hydromatlc propeller retains the rugged 
and successful hub and blade mounting structure of the older Hamil- 
ton standard types. This has been further improved by moulding a 
collar of plastic material between the roller bearing race and the 
fillet of the blade retaining shoulder. This plastic material in- 
sures perfect seating of the mating parts, gives a better stress 
distribution, and protects the aluminum alloy blade from any chafing 
action, thus increasing its resistance to fatigue. 

"The presence of the plastic layer also permits the use of an 
effective oil seal between the hub and blade. Such an oil seal would 
not be considered safe In direct contact with the alxonlnum alloy 
blade, as it might lead to stress concentration. With an effective 
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oil seal it is now pos 
on all the working parts 
c orre spondlngly reduoed . 


sihle to maintain a fairly high oil pressure 
inside the huh and wear of the parts ia 


"The Ditch control mechanlam of the Hydromatic propeller la 
of the slBiDle. rugged hydraulic type, although differing some- 
if actual SlicStion from the earlier constant speed propel- 
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additional safety problem introduced as a result of the feathering 
procedure. Propellers in the feathered position will not carry out 
the normal propulsive function and it would obviously be dangerous 
if they could be feathered Inadvertently or through improper func- 
tioning of the apparatus. Consequently, it is necessary to provide 
some means of restricting the pitch range during normal operation so 
that the blades cannot be feathered except by a deliberate action on 
the part of the pilot, 

"This problem was solved by Hamilton Standard by talcing advan- 
tage of the fact that the centrifugal force acting on the blades 
tends to cause them to go into ' low pitch, in the Hydromatic design, 
engine oil which has been boosted to higher pressure by the constant 
speed governor pump is used to overcome this centrifugal twisting 
moment when it is necessary to increase the pitch. This oil pressure 
acts on a large piston and the motion of the piston is transfomed 
into rotary motion by means of a series of cam rollers acting on co- 
axial helical cams of opposite pitch slope. por the normal pitch 
range the cam follows a steep helical angle so that the piston en- 
joys a high mechanical advantage. When the pitch reaches the maximum 
operating value, the slope of the cam becomes flatter so that the 
mechanical advantage of the piston is insufficient to overcome the 
centrifugal twisting moments of the blades when the normal operating 
pressures are used. Thus, a maximiam pitch limit is provided for the 
normal flight conditions. If a considerably increased oil pressure 
is supplied from some other source under the control of the pilot, 
the piston will overcome the blade twisting moment and the pitch 
will increase until the feathered setting is reached. 

‘’The adjustment toward low pitch is also accomplished by oil 
pressure, supplementing and augmenting the centrifugal force on the 
blades. In this case, the oil is also engine oil but under normal 
pressure. This oil pressure is at all times acting on the opposite 
face of the propeller piston, and provides a * resilient member » op- 
posing any tendency for a change to higher pitch. Whenever the con- 
stant speed govenior valve relieves the higher oil pressure on the 
other face of the piston, this resilient pressure, together with the 
centrifugal force on the blades, moves the blades toward low pitch. 

“When it is desired to feather the blades, an auxiliary pres- 
sure supply system is put into operation. A typical example of such 
a system is shown in pig. IV. The pump is mounted between the engine 
oil tank and the constant speed control, and sends oil under pres- 
sure through line 0, shown in Pig. Ill, to the cut-out valve built 
into the base of the constant speed control. The auxiliary system 
shown in Pig. IV allows the pump to draw its oil from the engine oil 
tank; alternative installations have employed either a separate oil 
tank or used the hydraulic system of the airplane in place of engine 
oil and the special pump, 

“The pump very rapidly builds up pressure in line 0, discon- 
necting the governor from the propeller and at the same time opening 
this pump line to the propeller by compressing the spring P inthe 
cut-off valve. This feathering oil pressure is transmitted to the 
rotating propeller shaft past the oil transfer rings C, see top view 
of Pig. Ill, through port E of the distributor valve assembly, out 
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port p to the inboard side of the piston H. The piston moves out un- 
der this pressure^ and forces the engine oil, on its outboard side 
in the dome G, through ports K and J, into the oil supply pipe Dj 
and back into the engine lubricating system* As the piston moves 
out, the blades move to a higher pitch, and the motion is finally 
stopped by the rotating cam coming against an adjustable mechanical 
stop (not shown in the sketch) set for the fully feathered position 
of the particular blade design being used* With all motion stopped 
and the feathering pump still functioning, the feathering oil pres- 
sure builds up until it reaches 400 pounds per square inch, ■ at 
which point a pressure cut-out switch opens the electrical circuit 
operating the pxunp by de-energizing the solenoid holding the cockpit 
solenoid switch in. With the blades feathered, engine rotation is 
stopped and consequently the blade centrifugal twisting moment and 
engine oil pressure have dropped to zero, and the blades remain in 
the feathered position. The entire feathering operation is accom- 
plished in an average time of only 9 seconds. 

“To unfeather the blades, the pump is again started and permit- 
ted to build up a pressure greater than 400 poimds per square inch 
simply by physically holding the cockpit solenoid switch closed (see 
Pig. IV) . At approximately 500 to 600 poimds per square inch pres- 
sure, the force at Q at the base of the distributor valve in the 
propeller is great enough to force the distributor valve out, com- 
pressing spring R, and the valve moves toward the position shown in 
the bottom view of pig. Ill,, disconnecting the engine oil system 
from the dome. The oil from the pump starts to fill up the dome on 
the outboard side of the piston through ports s and K as the dis- 
tributor valve moves out, and this oil starts pushing the piston in, 
unfeathering the blades. The oil on the inboard side of the piston 
is, of course, forced out through ports p and J into the engine oil 
system. 


“The unfeathered propeller in an airplane moving through the 
air starts to windmill. When the engine reaches a reasonable r.p.m., 
the cockpit solenoid switch is released by the pilot. The propeller 
continues to windmill, cranking the engine, and it is thus possible 
to start the engine running again. The moment the feathering pump 
stops, the spring in the cut-out valve in the governor disconnects 
the feathering pump line from the propeller and places the governor 
back into the system, and the propeller runs again at the speed for 
which the governor is set by the pilot in the cockpit. 

“The Hydromat Ic propeller during normal constant speed opera- 
tion requires two simultaneous sources of oil supply, one being oil 
from the constant speed control booster pump and the other being oil 
under normal pressure from the engine oil system. Referring to 
pig. Ill, oil from the constant speed control pump A is permitted to 
enter the hollow drive gear shaft B of the governor and thence to 
the propeller shaft when the engine is turning faster than the speed 
for which the governor is set by the pilot in the cockpit. Governor 
oil is thus metered at the top port of the drive shaft, and enters 
the rotating propeller shaft by means of the oil transfer rings C. 
It then follows the same path described above, for the oil during 
the feathering operation, to the inboard side of the piston. 



366 


AIHGRAra MGINE MAlN TEMn-ff 


"At the same time, oil from the engine lubricating system un- 
der noimal engine oil pressure enters the propeller mechanism 
through the supply pipe D in the center of the propeller shaft, and 
reaches the outboard side of the piston through ports J and K* 

"The governor oil pressure builds up until it exerts a force 
greater than the sum of the forces which oppose motion of the piston 
outward into the front of the dome. These forces are: 

1. Engine oil pressure times the effective piston area* 

2. The net blade twisting force consisting of the blade 

centrifugal twisting moment modified by the aero- 
dynamic twisting moment. 

3. Friction of the moving parts of the propeller 

mechanism. 

"The net blade twisting force is transmitted from the blade 
gear segment L to the rotating cam M, and through the cam rollers N 
acting in the slots of the rotating cam, to the piston. 

"The blade centrifugal twistix^g moment is a moment acting on 
the propeller blade around its longitudinal axis in the direction of 
a decrease of blade angle. It is the result of a force couple con- 
sisting of the resultants of components of centriftigal force acting 
on the mass of the propeller blade on either side of the blade *s 
longitudinal axis. The aerodynamic twisting moment is usually oppo- 
site in direction to the blade centrifugal twisting moment, being 
caused by the position of the resultant center of pressure of the 
airfoil section of the blade in front of the center of rotation of 
the blade (the blade * s longitudinal axis). In normal level flight 
this aerodynamic moment is relatively small in magnitude. 

"When the governor oil pressure builds up to a value of force 
on the piston just greater than the sum of these three forces, the 
piston starts to move out toward the front of the dome, and engine 
oil in front of the piston is displaced back into the engine lubri- 
cating system. This outward movement of the rotating cam Increases 
the pitch of the blades and the engine speed Is thus slowed down. 
As the engine slows down to the speed for which the constant speed 
control is set, the pilot valve In the governor descends to the 
position shown in the top section view of the governor in Fig* III> 
thus shutting off the top port of the drive gear shaft and cutting 
off the supply of governor oil from the booster ptunp to the propel- 
ler. The oil under pressure from this pump, of course, then goes 
through the relief valve back to the engine, and the propeller runs 
on speed. 

"Should the engine r.p.m. fall below the speed for which the 
governor is set, the pilot valve in the governor descends still fur- 
ther, opening the bottom of the drive gear shaft to drain. Engine 
oil in the dome at the outboard side of the piston is always, during 
normal propeller operation, under pressure from the action of the 
engine oil pump. This pressure acts as If a spring were placed 



PROPELLERS 


557 


between the outer end of the piston anc-. the 
front of the dome, the spring, however, having 
the unusual characteristic of exerting a con- 
stant force regardless of the amount of its com- 
pression. The blade centrifugal twisting moment, 
aided by this * spring* force, moves the piston 
inward, overcoming friction and the back pres- 
sure existing in pushing governor oil back 
through the governor to drain. As the pitch of 
the blades thus decreases, the engine speed 
picks up and the pilot valve in the governor is 
raised, closing off the drain through the drive 
gear shaft just as the engine reaches the speed 
for which the governor is set. 

”It should be noted that the relief valve 
in the governor is so interconnected with the 
engine oil system that the relief valve is held 
closed by the force of the relief valve spring 
plus the engine oil pressure force on the relief 
valve, whatever this may be. Thus, the effect is 
to provide a maximum pressure differential 
across the propeller pistofi equal to the relief 
valve spring setting, and the effects on the 
operation of the propeller of variations in en- 
gine oil pressure in any one engine or between 
engine types are eliminated.” 

THE LYCOMING CONTROLLABLE PROPELLER 

This propeller, manufactured by the Avia- 
tion Manufacturing Corporation, through whose 
cooperation the accompanying description and il- 
lustrations are supplied, is mechanically oper- 
ated by the power of the engine and the control 
may be mechanical or electrical, though in 
either case it is operated by the pilot. An ir- 
dicator, which may be mounted on the instrument 
panel, shows the propeller blade angle at all 
times. The Lycoming Controllable Propeller is 
manufactured in various sizes suitable for air- 
craft engines with SAE and A-N standard propel- 
ler shaft and nose ends. The model designation 
adopted for these propellers combines: the pre- 
fix ”P”, the standaixl propeller shaft size num- 
ber, the number of blades and the nominal blade 
shank size number. Thus, the Model Ho. P-321 
Propeller is suitable for a Number 30 spline 
shaft and has two blades of Number 1 blade shank 
size • 


The propeller illustrated in Pig. I is the 
Model P-220. 

The hub of the propeller is a one-piece, 
chrome-molybdenTim steel forging, heat treated 
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Pig. II shows the relationship of the important parts of the 
operating mechanism. It should be remembered that these parts are 
assembled into the hub which is roughly rectangular in shape, as may 
be seen in Pig, I. In Pig. II the hub is not shown, as too much of 
the mechanism would be concealed. 


The nut on the end of the blade shank is provided with gear 
teeth, indicated by £, which engage the worms, f,f , on the blade 
worm shaft. The blade nuts, n,n, are screwed on the thread on their 


after machining. The blade assemblies are retained in the hub by- 
nuts which are screwed into the ends of the blade barrel and proper- 
ly locked. The gear mechanism is assembled into the hub. 


The blades used in the Lycoming propeller are not alxunlnum al- 
loy, as in the case of the Hamilton Stemdard type, but are made of 
chrome vanadium steel, are hollow and are chrome plated on the out- 
side. The threads which carry the blade nuts are machined directly 
on the end of the blade shank or root. 

STATIONARY WORM ON ENGINE , ^ 


BLADE WORM 


R. H. WORM 
L H. WORM 
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respective blade shanks. 

The blades in this propeller are tilted forward l/2^ , which 
lessens the bending stresses produced by the thrust load. On such 
models as are intended to be used with engines of over 500 h,p.^ 
each blade is also provided with a counter- balance to neutralize the 
twist caused by centrifugal force. The blades are fitted with ball- 
bearings to insure easy rotation of the blado when the pitch is 
being changed. 

All of the parts shown in Pig. ii rotate with the propeller ex- 
cept the stationary worm a. This cylinder or sleeve can be turned 
about its own axis througE a few degrees and is operated by the 
cockpit control. In Pig, II the assembly is shown as viewed from the 
rear. In other words, the upper edge of the stationary worm is 
toward the rear of the engine. The sleeve is provided, near its 
front (or lower) end, with a right-hand worm thread and a left-hand 
worm thread, as indicated in the illustration. Either one of these 
worms may be caused to engage with the gear, c. As the propeller ro- 
tates, carr*ylng with it the entire assembly except the sleeve, the 
teeth of the gear, c, if engaged with one of the other of the worms 
on the cylinder, wlTl cause the shaft which carries -ohe teeth (at c) 
to rotate on its own axis one tooth- space of the gear, c. 

The sleeve is provided with diagonal slots, b,b,b, which fit 
over pins in a control adapter which is bolted to the crankcase. The 
sleeve will obviously move forward or backward on its pins if it is 
rotated. By this means, the sleeve can be set so that the right-hand 
worm, the left-hand worm, or neither, is in engagement with the gear 

c. Engaging the front, or left-hand worm thread, causes the blade 
angle or pitch of the blades to decrease, while engaging the rear 
worm thread increases the pitch. 

When the gear, £, rotates, the shaft which carries it is, of 
course, caused to rotate. This shaft is fitted with small worms, d, 

d, at either end. These worms engage with gears, e, e, which natur- 
ally must rotate when the blade stop assembly rotates. As the gears, 
_e, e, are turned, the worms, f, f, turn with them. These worms en- 
gage gear teeth, g, g, on the blade nuts. Since the blade nuts are 
rigidly secured to the blades, rotation of the worms, f, f, will 
cause the blades to rotate. Since a worm and gear of low pitch is 
irreversible, the blades are held in a fixed position except when 
one or the other of the worm threads on the sleeve, a, is engaged 
with the gear, c. 

pig. Ill shows the details of the blade stop assembly. This de- 
vice is incorporated to limit the movement of the propeller blade. 
If there were no such stop, the pilot might set the control to 
change the pitch and having his attention distracted for some reason 
forget to throw the operating mechanism out of engagement. In this 
case, the pitch would continue to increase or decrease until no 
thrust were produced and the airplane would consequently be unable 
to remain in the air. In fact, the blade would keep on rotating un- 
til the pitch became negative. The propeller would then be exerting 
a negative thrust, or tending to push the ship backwards. The same 
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thing might occur if the control mechanism were damaged or failed to 
fTinction in any way after it has been set for a change of pitch. The 
serious consequences of such an occurrence are obvious. 


CIRCLIP 




The operation of the blade stop mechanism is as follows; When 
the blade stop gear, o, is caused to turn by the worm thread pre- 
viously explained, the tube, t, is rotated by means of the ratchet 
clutch, £, and the ratchet, r. The clutch, £, causes the tube to ro- 
tate by engaging with a slot in the tube. Inside of the tube is a 
stationary threaded shaft, s, which carries two adjusting nuts pro- 
vided with projections whicE fit into slots or keyway s on the inside 
of the tube, ;t. When the tube rotates, the nuts also must rotate. 
Since the shaft, £, is stationary, the nuts travel along with the 
shaft as they are being rotated. Eventually, one of the nuts pushes 
the clutch, along the slots in the outside of the tube until it 
disengages from the ratchet, r. The gear, c, continues to turn, but 
the clutch, the tube, and the worm, d, which operates the propeller 
blade, stop turning, and hence the pitch of the blade no longer is 
being changed. 

Reversing the control brings the other worm thread, on the sta- 
tionary sleeve previously described, into engagement with the gear, 
c. This causes the gear to rotate in a direction opposite to that 
just discussed, and through the ratchet clutch, r, likewise in the 
opposite direction. This brings the nuts back until the clutch on 
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the other end of the gear is disengaged in the same manner as the 
first. Meanwhile, the clutch spring, i, pushes the first clutch back 
into its original position, in engagement with the ratchet, r. By 
adjusting on the ground the distance between the adjustment nuts 
(only one of which is shown), the rotation of the blade stop mechan- 
ism may be limited to a definite number of revolutions before the 
clutches disengage in the manner described. Thus the upper and lower 
limits of the pitch may easily be set. 

The manual control assembly, which sets the mechanisms just 
described into action, is illustrated in Fig. IV. This shows a 
cross-section of the control adapter, the handle in the cockpit and 
the connecting control cable. The pins which are fitted into the 
slot in the stationary worm (Pig. II, a) are Indicated at £. The 
sleeve is twisted or rotated by means of the stud, s, which is en- 
gaged with the control cable, when the entire mechanism is disengag- 
ed, the handle is in a vertical and intermediate position. To in- 
crease the pitch, and consequently decrease the r.p.m., the handle 
is turned in a counter-clockwise direction and pulled out. To de- 
crease the pitch and increase the r.p.m., the handle is turned in a 
clockwise direction and pushed in. 

The mechanism may be actuated by means of a solenoid, energized 
by current from the ship*s battery. In this case, the switches are 
usually connected to the throttle handle and are closed by rotating 
the handle slightly, turning it, as the manual control, count er- 
clocladse to increase the pitch and clockwise to decrease the pitch. 

CURTISS CONTROLLABLE PITCH PROPELLER 

The Curt is s~ C o nt 3^0 1 1 ab 1 e Pitch propeller is operated by an 
electric motor. The blades may be made of aluminum alloy, as in the 
case of the Hamilton Standard (in fact, the Hamilton Standard blades 
will fit a Curtiss propeller if the hub is designed for this type), 
or they may be of hollow steel construction, as in the case of the 
Lycoming. The hub may also be made to fit magnesitim alloy or micarta 
blades. Regardless of the material used in the blades, the control 
mechanism and basic principles involved remain unchanged. In general 
it is recommended that the aluminum alloy blades be used on the 
smaller engines and the steel blades on those of relatively high h.p. 
The hub design used for aluitiinum alloy blades is shown in Fig. I. It 
will be noted that the blade shown is itentlcal with that used in 
the Hamilton Standard adjustable propeller. The root of the blade is 
enclosed in a steel sleeve, a, since aluminum alloy is too soft to 
function satisfactorily against the ball-bearings and also since 
some type of gearing must be provided. 

The inner end of the sleeve. A, ia machined to form the butt 
and gear, B, of the blade angle controlling mechanism, the combina- 
tion sleeve and gear being clamped rigidly to the blade root by the 
clamping ring, c, at the outer end, and the ball-bearing, U, at the 
inner end. The clamping ring is similar to that used on the Hamilton 
Standard adjustable propeller. 

The mechanism for producing changes of blade angle is driven 
by a D. C. electric motor, G. This motor is rated at .28 h.p. at 
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1,800 r.p.m. The current is supplied from the standard 12-’V0lt bat- 
tery usually carried in the airplane and the consumption at full 
load is about 15 amperes. This power unit operates through a speed 
reduction device at a reduction ratio of 27,000 to 1. 

The master bevel drive gear, H, is driven by this speed re- 
ducing mechanism. There is a further gear reduction due to the fact 
that the master gear is smaller than the bevel gear in the ratio of 
3 to 4, thus making the total reduction 36,000 to 1. 

The blades are rotated to increase or decrease the pitch by 
operating the motor in a forward or reverse direction. During the 
period in which no change is being made in the propeller pitch, the 
speed reducing mechanism acts as a lock, since, due to its extremely 
low gear ratio it is irreversible. parts lettered J, K, L, and M, 
are various units In the system of reduction gear. 

The electrical system used in operating the propeller is of 
the two-wire, or no ground, type. A brush adapted, N, attached to 
the engine front bearing-coverplate stud, holds the brush assembly 
in proper relation to slip rings mounted on the rear of the propel- 
ler. It should be noted that this brush adapter may be attached to 
any standard engine and that accordingly the Curtiss controllable 
propeller may be used on any engine without change of the engine oil 
system or any other internal parts . 

In order to prevent changing the pitch past the danger point, 
and also to eliminate any creeping of the blades due to vibration, 
the electric motor shaft is provided with a spring-loaded brake 
which is always engaged when the fields of the motor are energized 
for changing pitch. The brake is automatically released, while the 
pitch is being changed, by means of an electro magnet connected in 
series with the armature of the motor. The slow end of the speed re- 
ducer is equipped with a set of electric cut-out switches which 
operate when the pitch has reached a predetermined limit. In addi- 
tion to these switches, an adjustable mechanical stop is supplied 
which may be set to end the decrease of pitch about below the 
point where the cut-out switch operates. This stop is simply an ad- 
ded precaution to make sure that the propeller blades are never set 
to a pitch which is too low for safe flying. 

Current is transmitted to the motor by brushes in contact with 
collector or slip rings mounted on the rear face of the hub. There 
are four of these rings, made of brass and well Insulated and pro- 
tected from dampness or spray. Pitch is changed by holding the man- 
ual switch until the desired angle is obtained. TMs angle is deter- 
mined by the manifold pressure and the r.p.m., and la indicated by 
an instrument in the cockpit. The pitch stops changing as soon as 
the switch is released. 

THE CURTISS AUTOMATIC CONSTANT SPEED AND FEATHERINa PROPELLER 

The mechanism of the propeller itself is the’ s sine in iSils type 
as in the ordinary controllable. The only difference In the two la 
the automatic operation of the controls which Is explained in the 
following paragraph, quoted from the handbook supplied by the Pro- 
peller Division of the Curtiss Wright Corporation: 
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”The governor consists of a spindle and flyweight assembly 
which is driven at approximately engine speed through a flexible 
shaft and adapter from a suitable accessory drive on the engine. An 
adjustable coil spring coiinterbalances the flyweight forces and at 
the same time operates a three-position switch by means of an actu- 
ating rod. The three-position switch consists of a movable contact 
between two fixed contacts, all three having tungsten points. The 
movable contact is held against the ^increase r.p.m. » contact by a 
pre-load on its bronze spring arm thereby closing the 'increase 
r.p.m. » circuit. When the governor spindle speed is not enough to 
cause the flyweights to overcome the coll spring force, the actuat- 
ing rod does not bear on the switch arm, allowing the movable con- 
tact to remain firmly In place against the 'increase r.p.m.' contact. 
As the spindle speed increases, the centrifugal force of the fly- 
weights compresses the coil spring and at the same time, through the 
actuating rod, moves the movable contact switch arm away from the 
'increase r.p.m.' fixed contact, breaking the 'increase r.p.m.* cir- 
cuit. While the movable contact is not touching either of the fixed 
contacts, all circuits are open and the propeller remains at the 
pitch angle at which it is set at the moment of breaking contact. If 
the r.p.m. increases further, the increased flyweight force will 
move the movable contact arm against the 'decrease r.p.m. ' fixed 
contact, closing the 'decrease r.p.m.' circuit to the pitch change 
motor. As the engine r.p.m. decreases, the movable contact arm moves 
away from the 'decrease r.p.m.' contact, breaking the 'decrease 
r.p.m. ' circuit, causing the propeller pitch to again remain fixed 
until another variation in engine speed occurs." 
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IITSTALLATION OF PROPELLERS 


Installation of In Wooden Propeller - Wooden propellers must 
be fitted with a “steel hub, usually supplied with the engine. This 
hub is in two parts: a rear flange made with a cylindrical center 
portion which extends entirely through the propeller and which is 
machined on the inside to fit the engine crankshaft; and a front 
flange, which is simply a circular plate provided with a single 
large hole in the center which fits over the cylindrical portion of 
the rear part, and a number of small holes (usually eight) for the 
propeller bolts. In most propeller hubs, the rear flange is equipped 


propeller boss and def- 
hub with respect to the 


with a dowel which fits into a hole in the 
initely determines the position of the 
blades. In case no dowel is provided, the hub is usually inserted to 
that the keyway in the hub is in line with one of the blades. In as- 
sembling the hub to the propeller, the cylindrical portion is pushed 
through the hole in the center of the propeller boss and the bolts 
driven through from the rear with a rawhide mallet. The front 
flange, or face plate, is then slipped over the bolts and the nuts 
screwed on. The nuts should be tightened gradually and evenly. If 
all the nuts on one side are tightened first, the propeller may be 
thrown out of track. First one nut should be 
tightened until it is just snug, and then the 
nut diametrically opposite should be tightened 
the same amount. The sequence which should be 
followed is Illustrated in Pig, I. After all the 
nuts have been pulled snug, they should be 
tightened in the same sequence and locked with 
cotter pins. After the propeller has been in 
service for a while, the cotter pins should be 
removed and the nuts checked for tightness. 



MOUNTraG AND DISMOUl^TING PROPELLERS 

There are two types of crankshaft in common use; the tapered 
shaft, with a keyway, usually found on the smaller types of engines; 
and the spline shaft, which does not taper and which is almost uni- 
versal on engines of more than 200 h.p. 


Installation on Tapered gb^S-fts - Hubs for tapered shafts are us- 
ually held on by a retaining nut which screws on the end of the 
shaft and a lock nut which screws into the hub against the retaining 
nut. This type Is illustrated in pig. I, which shows sectional views 
of the hub .of a Curtiss one-piece metal propeller. Since this pro- 
peller Is metal, the hub is not bolted in place as in the case of a* 
wooden propeller, but the interior and the locking device is the 
same. Another type of retaining nut, occasionally used on a tapered 
shaft,, is a single nut, threaded on the inside with a coarse thread 
to fit the end of the crankshaft and on the outside with a fine 
thread to fit the Inside of the hub. Special care must be exercised 
'when installing hubs provided with this type of retaining nut, for 
unless the threads are started pi*operly, the nut may be pulled up 
tight inside of the hub while the entire assembly is still loose on 
the crankshaft. Retaining and lock nuts have two functions: first to 
hold the propeller tightly on the shaft; and second to act as a 
"puller" in removing the propeller. 

If the propeller has never been installed on the particular 
engine, it may be necessary to lap the hub to the shaft. The fit may 
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be checked by removing the key from the keyway, coating the tapered 
shaft with a light coat of Prussian blue, pressing the hub in place 
and turning it about 45^. A thin film of blue should be transferred 
from the shaft to the large end of the inside of the hub and the 
small end should have little or none of the blue, as it is desirable 
to have a clearance of about ,001” to ,002” at the small end. 

If the fit and clearance are not correct, the hub may be lapped 
to the shaft by using fine lapping compound, or fine valve grinding 
compound. A thin, even coating of the compound is spread on the 
shaft, the propeller carefully slipped into place, and swung back 
and forth through an angle of about 45^. After moving it through 
this angle several times, it should be rotated about 90^ and the op- 
eration repeated until it has been worked entirely around the shaft. 
The propeller should then be removed from the shaft and all grinding 
compound cleaned from the inside of the hub. A fresh layer of the 
compound is then spread on the small end of the shaft and the large 
end coated with oil, and the lapping operation rc.,»eated. This pro- 
cedure will give the desired clearance at the small end. 

Before the propeller is Installed on the shaft, the shaft must 
be thoroughly wiped with a clean cloth and lubricated with castor 
oil, light engine oil, or a thin mixture of castor oil and white 
lead. If there are any burrs or rough spots on the shaft, the key, 
or the keyway, they should be removed with a fine file or oilstone. 
Unless the shaft is smooth and properly lubricated, the propeller 
may ’’seize” to the shaft so that its removal is impossible. 

After it has been determined that the .hub fits the shaft, and 
the shaft is properly lubricated, the propeller is lifted into posi- 
tion, making sure that the keyway lines up with the key, and slipped 
onto the shaft as far as it will go. The retaining nut is then 
screwed on the end of the shaft, forcing the hub tightly into place. 
The nut should be tightened with a wrench or bar about three feet 
long. Tbe crankshaft is prevented from turning during this operation 
by having an assistant hold the propeller or by locating the wrench 
on the nut so that one blade of the propeller is against the chest 
while the arms encircle it and pull on the wrench. The lock nut is 
then screwed into the hub and pulled up tight, though there is no 
occasion to use as much force as in the case of the retaining nut. 
Care should be used in starting the lock nut, since the thread is 
fine and may easily be crossed. Ordinarily, both the lock nut and 
the retaining nut are provided with drilled holes for safe tying. 
The lock nut must be tightened until one of the holes in it lines up 
with one of the holes in the retaining nut. The two nuts are then 
locked together with a snap ring of spring steel wire, provided with 
a prong which passes through the two holes. After the engine has 
been run for an hour or two, the tightness of the nuts should be 
checked. 

Removing Propellers from Tapered Shaft - The customary proced- 
ure in removing hubs provided wItE the double nut arrangement just 
discussed, is to loosen the lock nut several turns, then, holding it 
with one wrench, to back off the retaining nut against the lock nut 
■until the hub is pulled loose from the shaft. Both nuts are then 
removed and the propeller taken off by hand. If it is impossible to 
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loosen the hub in this manner, the lock nut may be used as a puller 
instead of the retaining nut. The threads on the lock nut have less 
pitch than those on the retaining nut and hence will produce greater 
power. In following this method, the lock nut is unscrewed several 
turns and the retaining nut backed off until it comes in contact 
with the lock nut. The retaining nut is then held with one wrench 
and the lock nut screwed in against the retaining nut until the hub 
is loosened. This proc^ure should be followed only to start the 
hub; after it is started, the retaining nut should be unscrewed to 
finish the job to the point where the propeller is loose enough to 
be removed by hand. In extreme cases it may be necessary to remove 
the front flange, take the propeller off the hub, and heat the hub 
with boiling water. This naturally expands it and aids in its loos- 
ening* If there Is room between the hub and the cylinders, a wooden 
block may be struck with a heavy hammer while force is exerted to 
unscrew the nuts. Care must be taken not to bend the rear flange if 
this rhethod is used. 

A limited number of small engines use a propeller puller which 
is a separate unit, very much like a gear puller* It consists of a 
cylinder, closed at one end and threaded on the inside at the other. 
The threaded end screws on external threads on the propeller hub and 
the closed end is provided with a heavy capscrew which may be screw- 
ed in against the end of the crankshaft. such engines use a single 
nut for a retaining nut, which is locked by means of a large cotter 
pin passing through the retaining nut and the crankshaft. In remov- 
ing a propeller of this type, the retaining nut is first removed 
from the crankshaft, the puller screwed on the propeller hub, and 
the capscrew screwed in against the end of the crankshaft until the 
hub is broken loose from the crankshaft. 

Installing Propellers on Spline Shafts - Before installing a 
propeller on a spline shaft, the splines should be examined for 
nicks or burrs. These should be removed with a fine file or oilstone 
and the shaft cleaned and oiled in the same manner as the tapered 
shaft. Fig.H shows a cross-section of a Curtiss one-piece propeller 
mounted on a spline shaft* 

On these crankshafts, usually one of the splines is wider than 
the others. :,vhen setting the propeller on the shaft, care should be 
taken that the groove in the hub which matches this wide spline is 
in line with No. 1 blade of the propeller. Furthermore, the wide 
spline is also in line with the throw of the crankshaft. This is an 
invaluable aid in determining roughly the position of the crankshaft 
when checking valves or timing the engine. 

A spline crankshaft is provided with a front and rear cone, 
shown at b and c, respectively, in Pig- II. These cones are not a 
part of the propeller, but are supplied with the engine, as is also 
the case with the snap ring, r, and the retaining nut, n. All of 
these parts should remain witE the engine if a new propeller is to 
be Installed. 

\ 7 h 0 n the propeller is to be mounted, the rear cone, b, is put 
on the shaft, if not already there. The front cone, c, the nut, n, 
and the ring, r, should be assembled to the propeller. This is 
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accomplislied by dropping the front cone and nut into the conical 
seat in the propeller boss and forcing the snap ring, r, into the 
groove provided in the propeller hub. The ring, r, is spTit, or cut, 
at one point so that its diameter may be decreased by squeezing the 
cut ends together. This enables it to be pushed into the hub until 
it reaches the groove, when it expands to its nomal diameter and is 
held by its own springiness in the groove. The purpose of the ring 
will be explained later. 

The propeller is pushed on the shaft by hand until the retain- 
ing nut engages the threads 
on the end of the crank- 
shaft. The nut is then 
tightened by passing a 
steel bar through the holes 
in the sleeve, as illus- 
trated in pig. Ill, which 
shows the installation of a 
Hamilton Standard adjust- 
able pitch propeller. To 
keep the crankshaft from 
turning during the tighten- 
ing, it is well to put some 
sort of support under one 
of the blades, as shown in 
the Illustration. A force 
of 626 ft. lbs. to 750 ft. 
lbs, should be applied by 
means of the bar. For ex- 
ample, if the bar is 4» 
long, a weight of 160 lbs. 
to 190 lbs, should be ap- 
plied at its end with the 
bar at right- angles to the 
gromd (not, of course, in 
the vertical position 
shown). i/Thile the weight is 
on the bar, the bar should be struck near the nut with a hammer 
weighing not more than 2-1/2 lbs. Tbe hub should never be tightened 
by hammering on the end of the bar. It is extremely important that 

the hub be tight on the crankshaft, as any looseness will not only 
cause galling of the cones, but will allow the propeller to work on 
the shaft, causing a vibration which may not only damage the crank- 
shaft, but other engine parts as well. The hub should be re-checked 
for tightness after the first flight and every time the engine has a 
periodic check. 

After the nut has been properly tightened, it should be locked 
by inserting a clevis pin, shown at £, in Pig ,11, through holes pro- 
vided in the end of the crankshaft and in the retaining nut. The 
head of the clevis pin should be toward the inside, or center, of 
the crankshaft, as when it is, installed in this manner centrifugal 
force tends to hold it in place. The clevis pin is locked with a 
cotter pin. 

Removal of Propeller from Spline Shaft - Propellers are removed 
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MAIRTENAITCE OP PROPELLERS 

As stated before, any appreciable damage should be repaired by 
the properly equipped service station, and in any case, the propel- 
ler should be sent to such a station at intervals of approximately 
200 hours of flying time* Aluminum alloy propellers, if not of the 
one-piece type, should be disassembled, thoroughly cleaned, and the 
hub inspected by the Magnaflux method for cracks* The blades of all 
aluminum alloy propellers (exclusive of the shanks of detachable 
type blades) should be lightly sanded to remove nicks and etched. 
Etching is accomplished by immersing the blade In a 10;^ to 20^ solu- 
tion of caustic soda. This is made by adding one or two pounds of 
commercial caustic soda to each gallon of water. When the surface is 
well blackened, it is rinsed with clean water and wiped off with a 
solution made of one part of commercial nitric acid to ten parts of 
water. The acid solution neutralizes any caustic action. It is de- 
sirable to heat the caustic soda solution to 160° - 180° P*, which 
permits an Immersion of the blade for only fifteen to thirty seconds 
to produce the desired etch. After the blade has been thoroughly ex- 
amined for cracks it should be polished with a buffing wheel. All 
paint should be removed for etching. After the blades have been 
polished, it is desirable to give the rear surface of the blade a 
coat of black or maroon paint. if the blade is left shiny, it is 
likely to produce a glare which is extremely annoying to the pilot, 
particularly in a single-engine airplane; in fact, when landing with 
the sun directly behind the ship, the glare may be such that the pi- 
lot's vision is completely obscured. Obviously, this is an extremely 
dangerous condition. 

If the blades are bent in an accident, they may be straightened 
by a properly equipped service station, provided the bend is not too 
severe and that the metal is not cracked. The Civil Aeronautics Au- 
thority specifies that the amount of the bend be deteimiined with a 
protractor, according to the method shown In Pig. I. The require- 
ments with respect to straightening are as follows: ’’Only bends not 
exceeding 20° at .15” blade thickness to 0^ at 1.1” blade thickness 
may be cold straightened. Blades with bends in excess of this amount 
require heat treatment and shall be returned to the manufacturer or 
his authorized agent for repair.” 

Routine Service and Maintenance - Wooden propellers should be 
inspecteH bZ jf r e qu ent ini: er vals ind invariably during periodic 
checks for such defects as cracks, bruises, scars, evidence of glue 
failure and separated laminations, sections broken, and defects in 
the finish. The tipping should be Inspected for looseness or slip- 
ping, separation of soldered Joints, loose screws or rivets, cracks, 
eroded sections and corrosion. During periodic power plant check 
their track should also be checked, as described in a later para- 
graph. There is little that can be done in the way of repairs on 
wooden propellers by a field mechanic. It is usually safe to re- 
vamlsh the propeller, provided great care is exercised to keep the 
varnish even on both sides of the hub so as not to throw the propel- 
ler out of balance. Repairs to the tip should be made at a regular 
service station where equipment for balancing is available. The same 
applies to any correction of track. 

Aluminum alloy propellers should he inspected dally for any 
damage which may have occurred during the previous flight . If they 
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are used on a seaplane, they should he washed with soap and fresh 
water or thoroughly cleaned with kerosene after flight. A coating of 
engine oil should then he applied for protection. The tips of sea- 
plane propellers should receive special attention, as they are like- 
ly to he continuously eaten away hy a corahination of erosion and 
corrosion. Any roughness should he removed immediately with fine 
emery cloth, preferably followed hy crocus cloth. If the tips are 
not constantly smoothed In this manner, large holes will appear 
which will eventually necessitate removal of t3ae tip and consequent 
reduction of the propeller diameter. 

The following recommendations with respect to the care of minor 
damages are quoted from the Hamilton Standard Service Manual: 

"Nicks and sharp dents on the leading edges, or gashes on the 
hlade faces are particularly dangerous as they greatly reduce the 
fatigue strength at that particular point. A failure may result un- 
less they are removed promptly. (All mars on the surfaces of the 
blades are ^stress raisers' and cause a stress concentration which 
may raise the stress beyond the endurance limit resulting in a fat- 
igue failure . ) 

"Sharp dents and nicks or gashes may he removed locally without 
the necessity for reworking the entire hlade surface, (see Fig. II* ) 
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A curved ® riffle* file is recommended for use in removing the sharp 
base of the nick. Pine emery cloth or crocus should be used for 
polishing. Care should be taken in removing nicks from the blade 
face to Insure that the thickness is not reduced more than is neces- 
sary. 


SKETCH OF TYPICAL NICKS & METHOD OF REMOVAL 





”It is recommended, as an added safety precaution, that the 
surface, after removal of a nick, be etched, examined with a magni- 
fying glass, (to Insure that the nick is entirely removed and that a 
crack has not started) and then polished locally. Propellers having 
very severe nicks or gashes should be sent to an authorized service 
station or the factory for repair.” 

The maintenance of hollow steel blades varies slightly in some 
respects from that of the aluminum alloy type, particularly with re- 
spect to the treatment of minor damages. The blades may be cleaned, 
as in the case of other metal propellers, with warm water and soap, 
gasoline (not ethyl), or kerosene. Steel wool, steel brushes, or any 
material that will scratch the surface should not be used, since the 
blades are plated and will rust if the plating is scratched through. 
After cleaning, the surfaces should be rinsed with fresh water and 
dried. A thin coat of clean engine oil should then be applied to all 
surfaces of the propeller. This is particularly importaht in the 
case of seaplanes. 

The raised edges of any scars, cuts or scratches should be 
smoothed off with an oilstone. No more metal should be removed than 
is absolutely necessary and no tools other than the oilstone should 
be used. Small shallow dents on the leading or trailing edge, or 
near the tip of the blades, are of no consequence and do not require 
repair. It will be noted that this is just the reverse of the proper 
procedure for aluminum alloy blades. 
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The hub of the Lycoming Controllable propeller mxiJ5t be kept 
full of SEGO lubricating grease at all times. This is a special 
grease and is supplied by the propeller manufacturers . The procedure 
outlined in the service manual of this propeller should be followed. 
The same applies with respect to the hub lubrication of other types. 
As previously pointed out the care of the internal mechanism of all 
controllable propellers is a matter for authorized service stations 
and not for the field or line mechanic « 


Tracking Propeller - Minor accidents, such as bumping into the 
p r ope 1 ler in tEe Hang ar , striking a wave with one blade^ attempting 
to move the ship by pulling on one propeller bladOj, and the like," 
may throw the propeller ''out of track.” This may causa vibration, 
and should be checked immediately. In any case, propeller track 
should be checked during the routine periodic inspection. The pro- 
cedxire is quite simple, when the propeller is mounted on the air- 
plane. See Pig. III. 

SAFETY PRECAUTION - Check position of switch to see that it is OFF. 
1« Turn propeller until No* 1 blade is at its lowest point. 


2. Set stand (which may be a box or any other article of 
suitable height) in front of blade. 

3. Mount indicator (which may be a slender, pointed strip 
of wood or any other similar pointer) on stand, hold- 
ing it in position with weight, the point of the in- 
dicator just touching the nearest part of the blade. 

4. Rotate propeller carefully, so as not to move ship 
until No* 2 blade is in same position as No. 1 was, 
viewed from the front. 

5. If No. 2 blade does not touch point of indicator, 
measure the distance from the point to the near- 
est part of the blade. If, however. No. 2 blade 
is nearer the stand than No. 1 was, move the in- 
dicator back until it just touches No. 2. 

Rotate again until No. 1 is down and measure 
the distance from point to blade. With the 
point set to touch the nearest blade, 


the distance to the other should 
be not more than l/8". Otherwise 
the propeller must be removed 
and sent to the service station 
for re-alignment. 

Naturally, if the propeller has 
more than two blades, the same 
procedure must be followed with 
each. 
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CHAPTER 14 
PERIODIC CHECK 

The importance of inspecting the various parts of the power 
plant installation cannot he over-emphasized « So many things can 
cause engine failure that only through constant and conscientious 
vigilance can the record of high dependability of aircraft engines 
be maintained « The items which are usually checked daily or before 
each flight have been listed previously; however it is obvious that 
this list does not include all the items that should be Inspected. 
There are many parts of the power plant that do not need to be 
checked daily, but they should be examined systematically and at 
regular intervals, in order to routinize the inspection of these 
parts and also to reduce the possibility of overlooking some item it 
is customary to group them together under what is known as the "per- 
iodic check," 

Most engine manuals enumerate the items that are to be inspected 
and at what intervals these checks should be conducted, Naturally, 
these vary with different engines, making it impossible to give an 
exact procedure. However, bearing in mind that accidents are almost 
invariably caused by neglect, the following outline can be followed 
with a few modifications which may be necessary to adapt it to an 
individual installation. 

Not only should the engine manual be referred to to see if there 
are any specific items to be inspected, but in addition the pilot ®s 
flight report should be consulted and any reports concerning the en- 
gine operation should be noted carefully. For example, if the pilot 
has mentioned that the fuel pressure gage seems to fluctuate more 
than is customary the entire fuel system should be checked care- 
fully in an effort to locate any possible trouble. In this connec- 
tion it is well to refer to the chapter on "Trouble Shooting" for an 
itemized list of engine troubles and their causes, 

GENERAI. PROCEDURE 

Conducting a periodic check is not a difficult task and by ob- 
serving a few simple, common-sense rules, the job can be accomplish- 
ed efficiently by any conscientious mechanic. The following items 
may not be universally applicable as they are stated, but with a few 
modifications will apply to all cases, 

I 0 Make sure that the engine switch is OFF and that no one , 
working in or around the cockpit, is likely to touch the iwTEcH, 
booster or starter. 

2, Provide yourself with a supply of clean wiping cloths. Do 
not use waste. 

3. If it is necessary for you to climb on or around the engine 
Installation, make certain of secure footing on some part that is 
designed to support your weight. Where possible, the use of suitable 
scaffolds and ladders is recommended. 


4. Conduct the examination Inside the hangar or in some looa- 
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tlon that affords good light, yet is comparatively free from flying 
dvist and grit. 

5. Coiint or otherwise inventory your tools and wiping cloths 
and make sure they are all accounted for when the job is completed. 

6. Make it a practice to check the items systematically. By do- 
ing this not only is a more thorough job insured, but the time re- 
quired will be reduced. 

7. Make it an iron-clad rule never to leave a job uncompleted. 
If, in the case of an emergency, a job must be left unfinished, a 
large warning tag should be tied to some adjacent point and a simi- 
lar tag should be placed in the cockpit, preferably fastened to the 
ignition switch handle. Additional precautions should be taken to 
make sure that damage will not result to any part in case the air- 
plane or propeller is moved. If the engine is open, that is, if a 
cylinder or accessory has been removed, suitable arrangement should 
be made to prevent the possibility of any foreign object entering. 

8. Never be guilty of failing to inspect a part or a portion of 
a part that is not readily accessible simply because it is hard to 
reach. Often the parts that are the most difficult to inspect are 
those which need it most. It is true that installations in limited 
space present real problems to the inspector, but the seemingly im- 
possible can often be accomplished with the aid of a flashlight and 
mirror. Incidentally, a mirror of the type used by dentists has been 
found to be invaluable in certain cases. 

9. Remember that a part cannot be inspected unless it is clean. 

10. Replace all safeties . 

TWENTY-FIVE HOUR CHECK 

In addition to the daily check, or inspection before flight, it 
is customary to inspect the power plant at regular Intervals. These 
periodic inspections have become known as the twenty-five hour ciieck, 
as they are conducted at the end of each twenty-five hours of engine 
running time. This inspection interval was originally detennined by 
the length of time between oil changes and the time an engine could 
run safely between valve checks. Some engine manufacturers today rec- 
ommend a fifty-hour period between oil changes and accompanying en- 
gine inspections. Other manufacturers enumerate some items which 
they feel should be Inspected every ten hours. The frequency of the 
periodic check should be determined by consulting the engine hand- 
book or manufacturer*s recommendations. 

As previously mentioned, it is impossible to give definite in- 
spection rules which will apply to all engines, however, in general, 
the items to be inspected and the duties to be performed are very 
similar. Also the items in the following list are not necessarily 
arranged in the most efficient sequence. Assuming the engine has 
been cleaned previously, the usual procedure is to start with drain- 
ing the oil end continue the inspection while the oil is draining. 

Oil and oil Lines - The oil should be drained from the oil 
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drain connection in the bottom of the oil tank into a clean contain- 
er. The oil should be felt with the fingers to detect any grit or 
the presence of any metal particles. This may indicate the beginning 
of a serious engine trouble, such as burned out bearings, etc. 

After the oil has completely drained out of the system the drain 
should be closed and safetied. Refill the oil tank with the correct 
amount and grade of lubricant. Care should be taken to see that any 
funnels, containers, etc., used when filling the oil tank, are clean 
and free from grit. If necessary they should be washed with gasoline 
and allowed to dry before using. 

All oil lines should be wiped clean and inspected for cracks. 
Remember that any excess accumulation of oil may indicate a serious 
trouble, see that all oil pipe connections are tight. Inspect all 
hose connections to see that the hose is firm and in good condition 
and that the hose connections are in place and tight. 

Carburetor 

1. The carburetor strainer should be drained and cleaned and, if ad- 
visable, the carburetor fuel chamber should also be drained. (See 
chapter on carburetors.) if any dirt, water or rust is discovered 
the entire system should be investigated to determine the source. 

2. Examine the carburetor and manifold anchorage to mako sure that 
all brace tubes are in good condition. 

3. Inspect for any evidence of air leaks, gas leaks, or blown gas- 
kets. These may be indicated by a slight discoloration on adja- 
cent parts, due to the dye used in fuels. 

4. If the carburetor has an air cleaner It should be removed and 
cleaned with air pressure. If air pressure is not available the 
air cleaner should be washed in a bucket of clean gasoline and 
allowed to dry before replacing. 

5. If air intake tubes are used, make sure that these tubes are 
cleaned inside, pointed in the right direction, and provided with 
a gasoline drain at their lowest points. 

6 . Examine all carburetor controls to make sure that they have full 
and easy action and are provided with correct stops. It is impor- 
tant to see that they are properly safetied and lubricated. 

Plumbing - plumbing is considered as including all lines, connec- 
tions and accessories in the fuel, oil and cooling systems, 

1. Inspect all tubing to make sure that there are no leaks or indi- 
cation of cracks. The lines must not be too rigid, or engine vi- 
bration will cause them to crystallize. For this reason the 
plumbing lines are provided with vibration connections, or loops. 
If any copper line appears to have become hardened it should be 
removed and annealed. 

2. Make sure that all lines are provided with necessary support and 
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are not In danger of chafing at any pointy, such aa at the fire 
wall, etc, 

3o Inspect all shut off cocks for leaks. See that they are securely 
mounted and test their control action. 


4, Inspect the oil radiator installation to make sure it is properly 
aligned, securely anchored and that the controls work freely. 
Note : If there is any indication that the oil radiator is not 
functioning efficiently it should he removed and fluslied with a 
mixture of light oil and kerosene. Remove the kerosene by flush- 
ing the radiator with clean oil before replacing. 


5, Inspect the cooling liquid radiator for installation and align- 
ment (core must be parallel to slipstream). Make sure that the 
core is clean. If the core is clogged it may be cleaned by com- 
pressed air. Never use a wire or stick to clean the core, as dam- 
age may result. Make sure that all connections are tight and 
vents are open. See that all shutter controls are in good condi- 
tion and have proper control and lubrication, 

6, Examine the cooling system pumps for leaks^ especially around the 
packing glands , 

7, Inspect all accessories for leaks. 


Magnetos 

1« Remove the magneto breaker point box cover and inspect the points 
for cleanliness and free actidn. Make sure that the breaker point 
pivot pin is free from rust. 


2. Make sure that the points are square. Note ; If less than 50^5 of 
the points* surfaces makes contact tHey should be removed and 
ground square. Check the clearance of the points and if necessary 
adjust them. See chapter on Ignition. 

3. Check the synchronization of the magnetos. 

4. Lubricate as specified in chapter on Ignition, replace cover and 
safety. 


5, Check the magneto to see that it is securely mounted and that the 
couplings are tight and safetied, 

6. Make sure that the segment blocks or distributor cap ax^e safetied 
and that there is no oil on the magneto housing. 

7. Make sure that the magneto ground wires are tight and in good 
condition, if possible, trace the entire length of the wires and 

the insulation is good and in no danger of chafing. 
Check the condition of the ignition switch wire leads, 

8, Make sure that the booster wire is 
hazard. 


tight and presents no fire 
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9o Lubricate all spark control arms and make sure of free, full ac- 
tion« Be sure that both magnetos are fully advanced when the 
cockpit control is moved forward. 

Ignition Wire Harness 

li» If a radio shielded harness is used, make sure that the shielding 
is not broken and that the ground connections are tight. 

2. Inspect, as far as possible, the ignition wires to see that they 
are not broken, chafed, burned or otherwise damaged. Make sure 
that they are in the clips provided and that the terminals are 
secure. If the spark plug terminals are secured to the plugs by 
safety wire make sure that the safety wire is not in a position 
to cause a short circuit. 

3. Make sure that the wire manifolds are securely anchored and that 
the internal ignition wires are protected against any accumula- 
tion of water. If the manifold has been dented the insulation on 
the wires may have been damaged, which may eventually result in 
short circuits. 

Spark Plugs 

1« Remove the spark plugs, clean, reset and test, as described in 
chapter on Ignition. 

Generators and Electric Starters 

1. Inspect all wires to generators and starters to make sure that 
the terminals are tight and trie Insulation is good. 

2. See that they are provided with proper lubrication as specified 
by the manufacturer's manual. 

Batteries 


1. Check all dry cells with an ammeter. 

2. Check the level of the electrolyte in all storage batteries. If 
low, add distilled water to bring the liquid to the correct lev- 
el. More complete instructions are given in the chapter on Igni- 
tion. 

3. Inspect all heavy duty cables to make sure that they are free 
from corrosion and that the terminals are tight. If corrosion is 
noted clean the cable and grease with petrolatum (commercial vas- 
eline). Loose terminals may arc in use, thereby constituting a 
fire hazard. 

Propellers - Caution : Before inspecting propeller make sure Ignition 
switch is OFF. 

1. Inspect the propeller for any damage and especially for undue 
wear or pitting near the blade tips. Note ; If the propeller is 
damaged in any way or if it is pitteSTTo a degree which might 
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throw it off balance it should be removed and sent to a propeller 
repair station. 

2. Move the propeller rapidly back and forth to see that there is no 
lost motion and that it is not loose on the crankshaft. Note ; po 
not confuse the play in the engine gears with lost motion of the 
propeller. 

3. Inspect the propeller nut to see that it is tight and securely 
saf etied. 

4. Turn the propeller slowly and listen for any unusual noises in 
the engine. The compression of each cylinder should be noted also. 

5. Check the propeller track. 

6. Check the engine nose plate for cracks which may indicate a mis- 
aligned crankshaft. This is especially Important if the propeller 
does not track perfectly. 

7. If any undue vibration was noted on the last flight that cannot 
be attributed to the engine or the airplane, the propeller should 
be removed and its balance and blade setting tested. 

Valve Action 

1. Check all valve tappet clearances, adjust if necessary, and re- 
safety. Note : The engine manual should be consulted before this 
is done, as some manufacturers recommend that these clearances be 
adjusted at lesser or greater intervals of time. 

2. Inspect the valve stem followers to see that they are not stuck. 

Rocker arm rollers must move freely and must have no flat spots. 

Lubricate the rocker arm assembly as specified in the engine man- 
ual. 

3. Inspect the valve springs for rusty spots or broken springs. Make 
sure that the retaining washers are in place. 

4. Lubricate the valve stems with some non-corrosive penetrating oil. 
If possible, make sure that the safeties and keepers are in place. 

5. Check the rocker ams for side play. 

6. If the rocker boxes are not an integral part of the cylinder, they 
should be checked for cracks and misalignment. 

7. If the pushrods are to be removed check the rod ends for loose- 
ness, wear, cracks, etc. see that the pushrod Is not bant. Note ; 

This may be done by rolling the rod on a surface plate or a large 
pane of glass. Lubricate with grease recommended by manufacturer. 

8. Replace and secure the rocker box covers. If gaskets are used 
make sure that they are not broken or unduly compressed. 
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Engine Mount 

1* Inspect each engine mount bolt to make sure that It is secure and 
safetled. Note ; If there is a black, powdery substance around a 
bolt the Indication is that the bolt is, or has been, loose » If 
such is the case, the crankshaft near the loose bolt should be 
carefully cleaned and inspected minutely for cracks before tight- 
ening the bolt. 

Induction Manifolds or Pipes 

1« Inspect all Intake manifolds and induction pipes to see that they 
are secure and have no air leaks such as may be caused by cracks, 
loose wire clips, blown or loose gaskets, etc. 

Exhaust Systems 

1. Inspect all exhaust manifolds and pipes to see that they are 
firmly anchored, safetled and without cracks. If the paint or 
metalliislng is damaged, inspect for rust. If any flexible tubing 
is used make sure that it is in good condition and in no danger 
of burning, cracking, or rusting thro'ugh. It is better to replace 
flexible tubing than to depend upon it too long. 

2. Make sure that the exhaust outlet has not shifted so as to pre- 
sent a fire hazard by directing the exhaust toward any fabric, 
fuel lines, structural parts, etc. 

Miscellaneous 

1. Check all air baffle plates for correct position and anchorage . 

2. Inspect all cylinders for burned paint which may Indicate that 
the cylinder is running too hot. If any of this is found, make 
sure that the cylinder is receiving its share of cooling. If the 
cooling system is functioning properly the trouble is probably in 
the cylinder. Note ; See Trouble Shooting. 

3. Test the air shutter controls for free and full action, and lu- 
bricate . 

4. Inspect all external accessories to see that they are secure and 
that all visible connections are good. 

5. Inspect all cowling to see that it has no cracks, loose bolts, or 
loose machine screws. Make sure that it cannot chafe or interfere 
with correct en^cine ooeration. 


Prom reading through .the items listed in this periodic check, it 
might seem that this would be a long, difficult job. However, many 
of the Items^ can be inspected on sight. An experienced mechanic can 
conduct a periodic check methodically and quickly and even though an 
Inexperienced person will require much more time, none of the items 
mentioned here should be overlooked. 





AIRCHAP^ ENGINE M AINTRN ANCE 


100 HOUR CHECK 

At the end of each 100 hours* running time the following items 
should he inspected in addition to those mentioned in the twenty- 
five hour check* Inspect all accessories which are mounted on the 
crankcase by means of flanges or pads to see that they are tight, 
properly safetied and are not leaking oil. 

Remove the propeller and inspect the front and x*ear cones for 
galling. See that they are properly seated in the propeller hub. 

Check the compression by removing one spark plug from all cyl- 
inders but one. in the case of a radial engine the front plugs are 
usually more accessible. The compression should be tested by rotat- 
ing the crankshaft in the normal direction. Each cylinder should be 
checked in its turn with spark plugs out of all others. By doing 
this a comparison can be made as to the amount of compression in 
each cylinder. If possible, the compression should be tested with a 
regular compression testing gage. Note ; The compression cannot be 
tested properly unless the engineHEas been warmed up inmieciiately 
prior to the check. If the compression in any cylinder appears to be 
below normal and the valve clearances are correct, tiie trouble 
shooting chart should be consulted for possible causes. 

All copper tubing lines should be removed and annealed - see 
j?niel Lines. 

Some manufacturers recommend that the preceding check be held 
at the end of 50 hours* running of a new or newly overhauled engine 
and at 100 hour intervals thereafter. 



CHAPTER 15 

POWER PLANT INSTALLATION 


The installation of the various items and units which pertain 
to the power plant, such as the fuel system, the starters, gen- 
erators, Instruments, and other accessories, has been discussed 
elsewhere. This chapter deals with the installation of the engine 
itself and of miscellaneous accessories which do not fall into any 
specific classifications large enough to require a full chapter, 

ENGINE MOUmS 

In modern airplanes the engine mount is almost invariably 
made of steel tubing, even if the rest of the airplane is built of 
sheet duralumin. In the case of radial engines, the mount consists 
of a ring provided with fittings for the mounting bolts and attached 
to the rest of the structure by a truss of welded steel tubing. 
Some means of absorbing vibration is usually provided. On small 
and inexpensive ships this may consist of a piece of braJke lining 
placed between the engine crankcase and the bracket through which 
the mounting bolt passes, or of a piece of rubber hose surrounding 
the mounting bolt. Most modem ships, particularly of the more ex- 
pensive type, are equipped with some more satisfactory device for 
the reduction of both vibration and noise. Among the most popular 
of such devices are those made by the Lord Manufacturing Company. 

In Pig. I is shown one type of the Lord vibration absorber. 
This type, as may be seen from the illustration, is used at the 
points where the engine mount is attached to the fuselage or wing 
structure. Three approved methods of attachment to the structure 
are shown in the lower portion of the illustration. 

This type of vibration absorber also lends itself readily to 
an in-line installation. A mount for a line or V-engine naturally 
uses no ring such as that shown in Pig. I, but is provided instead 
with two horizontal tubes which carry the engine and which are sup- 
ported by a truss similar to that illustrated. 

Another and more popular type of Lord vibration absorber is 
shown in Fig. II, It will he noted from the sectional views that 
the rubber is in shear and that the absorbers are in a plane para- 
llel to the plane of the cylinders and arranged with their axes tan- 
gent to a circle the center of which is the centerline of the crank- 
shaft, This arrangement provides for the absorption of torque vi- 
bration as well as any other type of vibration, through shear in 
the rubber. The rubber is cemented securely to the sleeves passing 
through and around it respectively. since, in a mount not provided 
with such a means of shock absorbing, the engine vibration and 
noise pass through the engine moimt into the fuselage and cabin, 
the system illustrated does much to maintain quiet in the cabin, as 
well as eliminating fatigue stresses in the engine mount and struc- 
ture. The flexibility of the mount shown in Pig. II is rather 
startling to one not familiar with it, as when the engine is start- 
ing or running irregularly the entire cowling and all parts of the 
engine rotate back and forth very' noticeably. However, when the 
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are welded in place or else the times is formed by extending the 
longeron; this latter arrangement being adaptable, of course, only 
to fuselages built of steel tubing. In any case, they should be fre- 
quently inspected, particularly at the joints, for cracks, either in 
the weld or in the tubing itself. Due to the vibration and the 
abuse to which the mount is subjected, it is much more likely to 
crack than other portions of the airplane and furthermore any cracks 
cause a serious hazard. If a crack is discovered at any time, the 
ship should naturally be grounded tmtil repairs are made. These re- 
pairs usually consist of welding a plate over the damaged area. it 
is, of course, necessary to remove the engine, or at least to sup- 
port it by a hoist while welding is being done on the mount; other- 
wise, when the tubes are heated, the weight of the engine may dis- 
tort them permanently. 

INSTALLATION OF ENGINE 

' Througiiou-t the entire process of installing the engine and mak- 
ing the various necessary connections (fuel lines, oil lines, in- 
struments, controls, etc.) the utmost care should be used, both to 
make connections properly and to avoid damaging the more delicate 
parts of the engine. An aircraft engine is a rugged mechanism, cap- 
able of withstanding aLoiost unlimited service provided the parts are 
not subjected to strains for which they were not designed. For ex- 
ample, the cooling fins are not likely to be damaged in nomal op- 
eration but may easily be bent or broken if struck accidentally with 
a hammer. Likewise the Intake pipe will last indefinitely if not a- 
bused but may be easily bent by a hoisting sling, or chafed through 
by improperly fitted cowling. No attempt should be made to handle an 
engine without adequate hoists and equipment since dropping it is 
likely to damage it beyond repair. 

Removi^ Engine from Crate - Engines are usually shipped in 
crates so designed that” the top and the four sides may be removed as 
a unit, leaving the engine fully exposed and “supported on a frame- 
work built up on the bottom of the crate. The removal of several 
bolts, the location of which can ordinarily be readily determined by 
examination, will permit the top and sides to be lifted clear. If 
the engine has been shipped from the factory, it is usually covered 
with oilcloth. This should be removed and preserved for future use. 

Most of the larger engines are provided with some means for at- 
taching the hoist. In the Pratt & Whitney models, lifting eyas are 
screwed into the crankcase on each side of No. 1 cylinder. On Wright 
engines lifting plates are attached by removing the rocker arm hub 
bolt nuts from the exhaust rocker arm bolt of No. 2 cylinder and the 
Intake rocker ai*m bolt of No. 9 cylinder, then replacing the nuts 
with the lifting plates fitted on the round portion of the nuts. 
Other makes of engines use various methods of attaching the lifting 
sling. The method should be determined from the engine instruction 
book before any lifting is done. In an emergency a strong rope may 
be passed around the barrels of cylinders No. 3 and No. 8 (in a nine 
cylinder radial), below the cooling fins, provided the rope may be 
led in such a manner that when the strain is put on it, it does not 
touch any fragile part of the engine. Another emergency method is to 
pass a rope sling around the crankshaft, up to the hook of the hoist 
and then around the rear of the crankcase, again taking care that 
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the rope does not bear against any part which might be damaged^ 
This last method is not feasible when mounting the engine on a ring 
mounts since obviously the lifting rope will interfere with the 
rlngo In the case of engines of 60 H.P. or less, it is sometimes 
possible to dispense with the hoist and have two mechanics lift the 
engine in its place* This procedure, however, is not recommended* 

Having attached the sling properly, the slack should be taken 
up with the hoist and, in the case 


of a radial engine, the bottom of 
the crate turned on edge, as illus- 
trated in Pig* I, meanwhile keep- 
ing the sling taut by operating 
the hoist * The sling should be 
provided with a spreader bar, as 
illustrated in Fig* II « if cables 
are used instead of the standard 
sling shown in the Illustration, 
they may be held apart by a stout 
piece of wood, notched at each end* 
After the crate has been tipped to 
the position shown in Pig. I, and 
the weight of the engine is being 
carried entirely on the sling, the 
bolts which hold the engine to the 
mounting plate may be removed and 
the bottom of the crate drawn away 
from the engine. 



w- 
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The spark plugs, or duromy spark plugs. 



and the sump drain plug 
should now b© removed 
and the crankshaft 

turned over fifteen to 
twenty-five times by 
hand so as to be sure 
that there is no liquid 

in the combustion 

chamber. The spark plug 
should then be instal- 
led and the engine 

thoroughly cleaned with 
a spray gun, as pre- 
viously described* Some 
manufacturers recommend 
washing the engine be- 
fore it has been remov- 
ed from the box. In any 
case, the steps describ- 
ed above should b© don© 
in a fairly warm place 
so that the oil on th© 
inside of the cylinders 
will drain freely. Th© 
washing should b© don© 
preferably with whit© 
furnace oil, or Varno- 
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line. After the engine is clean, the carburetor and any other 
accessories which do not interfere with the installation to the 
mounting ring may be installed. Every bolt and stud should be tight- 
ened and safetled before passing to the next, except where a series 
of bolts must be tightened gradually in sequence. In this case, they 
should all be safetled as soon as they have been tightened the de- 
sired amount. The engine may then be hoisted to the proper height 
for installation in the airplane. If a chain hoist is being used, 
the free portion of the hand chain should not be allowed to strike 
against the engine. 

With the engine at the proper height, the airplane should be 
rolled to it with the tall up in flying position. (If the hoist is 
of the movable type, the engine may, of course, be moved to the air- 
plane, in which case it should not be lifted more than enough for 
easy handling until it has been shifted to the proper location for 
Installation.) With the airplane in the flying position, the engine 
should be carefully worked into the mounting ring, and the mounting 
bolts installed. As each bolt is passed through the mounting bracket 
the nut should be run on loosely to keep it in place. After all the 
bolts have been put in the holes, they should be tightened uniform- 
ly. It is desirable to tighten them in the same manner as propeller 
hub bolts; that is, when one bolt has been drawn fairly snug, the 
second tightened should be on the opposite side of the ring, the 
third approximately half-way between the first two, the fourth op- 
posite the third, and so on. After they have all been tightened, the 
nuts should be properly cottered. Tbe hoist may then be removed, due 
care being taken to see that the airplane does not nose over as a 
result of the weight of the engine. Sandbags or similar weights on 
the rear of the fuselage will eliminate this pos sibillty . The var- 
ious connections, for fuel lines, oil lines, instruments, etc,, 
may then be made as Instructed in the section devoted to those items. 
After the lines have been connected, but before the cowlin^^ has been 
put on, the ship should be wheeled out of the hangar and the engine 
given a test run as described in the chapter on "top overhaul. All 
lines should be carefully inspected for leaks, chafing, or other 
trouble, and the engine washed off again before the cowling Is in- 
stalled. 

COWLING 

In its broadest sense, cowling is any falsework enclosure the 
purpose of which is to lessen the air resistance. However, it is 
usually understood, and will be considered in this book, to be a re- 
movable metal fairing around the power plant or cockpit. 

The early airplanes had no cowling, the engine and occupants of 
the ship being left exposed to the breeze. As performance improved 
and greater speeds were attained, this arrangement was soon found to 
be both inefficient and uncomfortable. The advent of water-cooled 
engines brought radiators, which were set up in front of the cowling. 
It was then found that due to the thickne’ss and Inefficiency of the 
propeller blades near the hub, the radiator could be made smaller, 
and hence lighter, if placed somewhere other than between the pro- 
peller and the front cylinders of the engine. By decreasing the radi- 
ator area and streamlining the forward portion of the engine, re- 
sistance was lessened and performance proportionately Increased. 
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When fixed radial air-cooled engines first came into use, de- 
signers were afraid to use any cowling around the cylinder heads 
lest the cooling be impaired. In fact, like most new things, air- 
cooled engines were regarded with more or less scepticism. The cowl- 
ing covered only the crankcase and lower part of the cylinders while 
the rest of the engine was left exposed. The resistance of these ex- 
posed parts was, of course, high, and for a time it seemed likely 
that water-cooled engines would be restored to favor because of the 
possibility of keeping the resistance down. 

However, experiments were made by various agencies, notably the 
National Advisory Committee for Aeronautics, and after much research 
the type of cowling for radial engines known as the N.A.C.A. cowl 
was developed. Practically all ships are equipped with this type of 
cowling today, as it reduces the drag of an air-cooled engine to ap- 
proximately that of a liquid-cooled when the radiator is included 
with the latter. The liquid-cooled type still has the advantage If 
wing radiators are used but these are not practical for general use 
and are found only on racing ships such as the record-holding Ital- 
ian Macc.hi. 


Cowl Fastenly^s - Every airplane manufacturer has his own Ideas 
about cowl fastenings, just as every make of automobile has its own 
type of hood latches. 


r/c^, r ' 





However, there are certain fastenings which 
have become as nearly standard as anything in the 
industry and it is with these that this sheet 
deals. There are few airplanes in 
which they do not appear in one 
place or another. The cowling 
stud with the screw thread, shown 
in Pig. I, is a stock accessory 
which may be purchased from any 
dealer in aeronautical supplies. 

This type is machined from bar stock, is solid, and 
is usually made of steel. The installation is ob- 
vious, consisting simply of drilling a hole the size of the threaded 
portion, inserting the stud, and putting on a lock washer and a nut. 

Another type is a hollow stamping, (see Pig. 
II) and is, of course, lighter than the 
threaded type. To install this type, three 
holes are drilled, one to fit the stud prop- 
er and the other two to fit the turned-up 
tabs. The stud is pushed through from the 
inside of the cowl support, the two tabs com^ 
ing out through the holes which have been' 
drilled for them. Then the tabs are bent 
down and the installation is complete, as 
shown in pig. III. 


Caf4^/ JSup^/QiCff-/ ^ ^ 
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Where the cowling fits over studs, it will wear 
out rapidly unless the hole in the cowl is protected 
by a grommet similar to that in pig. IV. Ororamets 
are usually made of soft brass and then they become 
worn, they can easily be replaced. The installation 



is simple. 
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hole is drilled in the cowl large enongh for the shank of the grom- 
met, the grommet pushed through from the outside, the washer slipped 
on the shank and the shank spread over the washer with a ball-pein 
hammer, or with a special grommet die, which makes a neater job. 



The cowling is held in place with a cowl- 
ing clip (see pig. V) inserted through the hole 
in the stud, or if there are several studs in 
line, a similar device, but much longer and 
known as a cowling pin, is used. At points 
where it is extremely important that the fastaa- 

ing remain in place, a safety pin (Fig* VI) is 'i" 

used. An assembly of stud, support, grommet lln 

and cowl is shown in Fig. VII. There is no — l|j — , 




clip nor 
however. 


pin shown in this illustration, 


jkZ 


When using a clip, it should be inserted 
in the hole until the first "htimp” snaps over the cowl stud, and if 

possible the point should 
be toward the rear. It may 
not appear to be very se- 
cure fastening but it sel- 
dom comes o\it, and even if 
one should work loose 
there are usually plenty 
more to hold the cowl on. 



One of the most satisfactory types of fastener Is that made by 
the DZUS FASTENER CO., Inc., of Babylon, N.Y., by whose courtesy 
the illustrations in Fig. VIII are supplied. This fastener may be 


■|YPE A TYPE AJ TYPE B TYPE BJ TYPE F TYPE FA all fastlnehs can sr FUR- 
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installed so that it is absolutely flush with the cowl, and may be 
opened readily with a screw driver, or even a small coin, yet It 
holds securely when locked. It may also be obtained with a wing, 
which eliminates the use of any tools. it has no loose parts to be 
misplaced, is exceptionally neat in appearance and simple to in- 
stall. The accompanying illustrations are self-explanatory. 


Repairs on Cowling 
cowling which may be- 
come necessary from 
time to time. They may 
be grouped into three 
general classes :cracks, 
holes, and dents, the 
most common of which 
is shown in Fig. IX, 
which illustrates 
cracks beginning at 
the edge of a piece of 
cowl. Cracks may also 
start at the rim of a 
hand hole or any other 
place where it has not 
been desirable to roll 
in a wire as shown in 
Fig. VTI. 


- There are several types of repair jobs on 



Cowling should be F^/Cr, 7 ^ ' 

Inspected frequently : ■ ^ 

for cracks and when 

they are observed no time should be lost in repairing them, as shown 
in Fig. IX. To begin with, holes oi; about 3/32" diameter should be 
drilled at the end of each crack to prevent its extending farther. 
A reinforcing plate of dural, of approximately the same thickness as 
the cowl and large enough to extend well beyond the damaged portion, 
should be riveted on the Inside using small, flat head or binder 
head aluminum rivets with the head on the outside. Great care should 
be taken to prevent denting or bending the cowling when heading 
the rivets. It will be found helpful to drill the comer holes first 
and attach the reinforcing plate at these points with machine screws, 
which should be left in until the rivets have been headed In all 
the other holes , 


Large holes in cowling do not usually occur accidentally, but 
are the result of some change such as the installation of a direct 
electric starter in place of a hand inertia type, which leaves the 
hole .where the crank went through, such holes should be patched fol- 
lowing the same procedure as outlined above. 

Dents in cowls should be carefully hammered out by placing the 
concave side of the dent on a smooth surface and tapping the convex 
side with a rawhide or wooden mallet* The paint will probably chip 
off during this process. The bare spot should be sanded, primed, and 
successive coats of sanding surfacer applied and rubbed smooth with 
fine sandpaper until the damaged area is no longer noticeable. Then 
the section should be sprayed with the original color. If sufficient 
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care is used, the Joh will he so completely disguised that it will 
he impossible to tell that any damage has ever been done, 

FIRE EXTINGUISHERS 

While fires Tn the air are fortunately not common, nevertheless 
on rare occasions they do occur. Obviously, it is next to impossible 
to extinguish a fire in the engine section while the ship is in 
flight with a hand extinguisher. To control such emergencies, 
various types of pressure fire extinguishers have been developed. 
The pilot or flight mechanic can operate these devices from the cock- 
pit merely by pulling a handle. This operation opens a valve which 
allows the extinguishing medium to pass through pipes to the nozzles 
located at the various danger points and thus to be sprayed over the 
entire power plant. 

The Lux Fire Extinguisher - A Lux fire extinguisher consists of 
three major parts: a cylinder of carbon dioxide gas held under a 
pressure of 850 Ibs./sq.ln., a control valve, and piping for dis- 
tribution of the gas. Carbon dioxide is an inert gas in which flames 
cannot exist. It is non-poisonous and will not affect the pilot, nor 
will it wet or Injure the engine in any way. As it leaves the dis- 
charge nozzles it forms a cloud of vapor and ”snow^^ which is driven 
Into all crevices by the slipstream. 

As a rule, the tank is Installed near the engine and the con- 
trol is connected to the valve on the cylinder by flexible cable en- 
closed in 1 / 4 ” alxmilnum tubing. Fig. I shows the layout of a remote 
control Lux extinguisher system in a single-engine airplane, and 
Fig. II illustrates the layout for a twin-engine ship. 



The Lux cylinder requires r^clmrging only after use. The gas 
will not deteriorate with age nor at any temperature above 
-110 P. An inspection windbw Is provided on the valve to enable the 
mechanic to determine whether or not the cylinder is fully charged. 
If a cross is visible through the window It means that the cylinder 
Is empty. 

If desired, the operation of the extinguisher may be made auto- 
matic in conjunction with the Lux fire detector, a device which 
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indicates by means of either a visible or audible signal the pres- 
sure of flame or heat in excess of 250° P. 





CONTROL R<UMEL-PREJERAaLy 
MOUNTED ON INSTRUMENT BOARD 


O peration o f Lux Extinguisher - The operation of this extln- 
guleher IS simplicity Itself, In the case of a single-engine ship it 
is necessary merely to pull a handle on the Lux control panel marked 
"Fire-Pull . " 


On a multi-engine airplane, set the distributing cock on the 
Lux control panel to the engine which is on fire, and then pull the 
handle marked "Plre-Full." 


Proc edure A-fte r Use - When the system has been operated, the 
empty cylTriBer sTroul.d ” b e removed and recharged as soon as possible. 
On multi-engine airplanes the distributing cock should be reset to 
its normal central position. On all Installations the control handle 
and cable should be set after working the cable back and forth a 
few times to make sure that it does not bind. The perforations in 
the distributing tubing around the engine should be Inspected to see 
that they are not clogged and the tube plug at the ends of the tub- 
ing should be removed, any dirt or foreign matter cleaned out, and 
the plug replaced. The recharged cylinder should then be installed. 

Installation of Lux Extinguishers - Detailed information on 
the Ins'taTIation of Lux Extinguishers should be obtained from the 
manufacturers, but every mechanic should be able to distinguish the 
two types of cylinders. One of these is designed to be Installed in 
an approximate vertical position. It is identified by black dots on 
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the bottom and is 



marked with the letter 
This type of cylinder 
is illustrated in Pig. 
Ill, which also shows 
the maximum angle at 
which it may be In*- 
stalled. 

The other cylin- 
der is intended for 
ho ri zont al mount i ng 
and is Identified 
with a black band 2^' ^ 
wide entirely around 
the cylinder and with 
the letters “S F" on 
the valve body. This 
IV. 


S” on the valve body. 





A control panel for a three-engine airplane is shown in pig. v. 
This panel is mounted on the instrument board with machine screws. 
The dotted line indicates the instrument' board cut-out. 
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Maintenance of Lux Extinguisher - The maintenance of this ex- 
tinguisher conelsts largely of testing at regular Intervals. The 
manufacturers recommend that these tests he made once every foiir 
months and at a temperature of about 70® P. 



The tests should be made with the 
airplane in flying position if possible. 
If the system is installed on a multi- 
engine ship, the distributing cock 
should be set to some one of the motors 
ih oi*der to provide an outlet for the 
gas. 


A spring scale should be hooked 
over the pull handle and pulled with a 
slow, uniform force until the system is 
operated. The force required should not 
exceed 50 lbs. When the valve is opened 
in this manner, the gas should discharge 
about the motor and into the carburetor 
intake. In multi-engine airplanes this 
discharge should naturally occur around 
the motor to which the distributing cock 
handle is set. After the test, the dis- 
charged cylinder should be removed, re- 
charged and replaced immediately. Re- 
charging must be done by the manufactur- 
er or by a regular recharging station. 
A record of the test should then be en- 
tered in the record card, stored In a 
slot under the name plate on the valve. 

If the system is not discharged 
periodically every four months as just 
described, the cylinder should be remov- 
ed and weighed at least every six months. 
If, when weighing the cylinder, it is 
found that the gas charge is less than 
the amount specified by 4 oz. or more, 
tho cylinder must be recharged. The 
proper weights are stamped on the valve 
body. 


The Pyrene Fire Extinguisher - The 
Pyrene Extingulsfier is one Of the moat 
widely known types. It uses for an ex- 
tinguishing medium carbon tetra-chlorid^ 
a harmless liquid which is highly ef- 
fective in putting out fires. The com- 
pany makes many models of hand-operated 
extinguishers, but in this discussion we 
are concerned with the pressure type 
only. 


There are two models of Pyrene 
pressure fire extinguishers for aircraft 
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use, one of which, illustrated in Pig. VI, uses a cartridge of com- 
pressed carbon dioxide for expelling th e liquid . The other uses com- 
pressed air. In the c art ridge type wEen tEe lever is turned the 
cartridge is punctured, releasing the pressure and at tiie same time 
the liquid outlet valve is opened and liquid passes out through a 
tube running to the bottom of the extinguisher and through a copper 
tube leading from the extinguisher to the carburetor or other parts 
of the power plants where fire hazards exist. A common procedure in 
installing the system is simply to close the end of the copper tube 
and drill small holes a few Inches apart near the closed end, so 
that when the extinguisher is operated, the liquid is sprayed from 
these holes. Another type of installation uses special spray nozzles 
supplied by the manufacturer. This extinguisher cmi be operated by 
remote control if a rod or cable is extended from the operating lev- 
er to the pilot, so that by pulling on the rod or cable the system 
is operated. It should be remembered that in this extinguisher the 
liquid, and not the carbon dioxide, is the extinguishing medium. 

The type which is operated by compressed air carries a pressure 
gage to indicate the air pressure inside the tank and is pumped up 
through a valve similar to an ordinary tire valve. It is operated by 
means of a valve wheel, which, when turned, permits the air to pass 
from the air chamber into the liquid chamber, and at the same time 
opens the liquid valve and allows the liquid to pass out through the 
discharge opening and thence through tubing in the same m^mner as 
the model previously described. The compressed air type may also be 
operated at a distance by attaching a lever to the valve wheel and 
connecting the lever to a handle in the cockpit by means of a rod. 
The rod is preferred to cable since it will enable the extinguisher 
not only to be turned on, but also to be turned off . 

Recharging these extinguishers consists of simply filling them 
with Pyrene liquid and then replacing the cartridge, in the cart- 
ridge type, or pumping up the pressure in the air pressure type. In- 
structions for recharging are given on the nameplate of the extin- 
guisher. Installation is extremely simple since each extinguisher 
is provided with brackets which may be bolted to the structure of 
the airplane. 

PREPARINO THE ENOI^fE FOR STORAGE OR SHpMENT 

If not properly pfotected, an engine will deteriorate more rap“ 
idly in storage than in actual use. Accordingly, the subject is one 
of great importance and in spite of the fact that it is not strictly 
a part of "installation'*, it is Included here because it does not 
fit conveniently into other sections of the book. 

Short Time Storage - By "short time storage" is meant storage 
Tor a period of not more than six months. If the engine is not in- 
stalled in the airplane within this time, it should be unpacked and 
re-oiled and greased, as described below. If it is likely that the 
engine will not be put in service for more than six months, addi- 
tional precaution should be taken as described under the topic "Long 
Time Storage." 

To prepare the engine for storage, it should be mounted on a 
stand, and if possible located near a compressed air line and a 
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then he sprayed off with a cleaning fluid, such as white fuf*nace oil# 
and dried with compressed air- 

Long Time Storage - The operations pieviously described should 
he performed and in addition, before the valves have been greased 
the engine should be mounted on a belting-in stand. The engine 
should, then be run by the belt for ten or fifteen minutes, using No- 
OxidOv-EElE as a lubricant. This compound will be pumped through all 
the bearings and passag;es by the regular engine oil pump and will 
thoroughly coat all interior parts of the engine. After this opera- 
tion, the suction line should be broken and about two quarts of warm 
oil drawn in tlirough the engine pump. A warning tag should be at- 
tached to the engine underneath the wrapper, stating that it has 
been slushed and has heavy oil inside. Another method of lubricating 
the valve is to fill the rocker box with a non-corrosive grease and 
work the valve up and down by means of the simple tool and modified 
rocker box cover illustrated in Pig. I. 

After the greasing has been carried out as explained above, the 
engine should be securely mounted in the box, covered with oiled 
paper, or oilcloth, and the cover of the box bolted down. 



CHAPTER 16 
TOP OVERHAUL 

DISASSMBLY AND OVERHAUL 

As explained heretofore, a top overhaul calls for disassemhly of 
the engine only as far as the crankcase* Most manuf actui^ers, especi- 
ally of the larger and more expensive engines, recoimnend the elimin- 
ation of the top overhaul entirely, advising major or complete over- 
hauls every three or four hundred hours* However, it is still common 
practice, particularly among small operators, to give top overhauls* 
Furthermore, there is sometimes a need for the overhaul nf one cyl- 
inder when the -others are 
in good condition* For 
these reasons, tiie proce- 
dure is discussed in the 
following pages* As to 
when a top overhaul is 
needed, this is usually 
indicated by loss of com- 
pression, or unusually 
high oil consumption* Also 
of COUPS'^, a loss in r.p.m* 
when it is certain that 
the carburetor, ignition 
system and propeller are 
functioning properly* 

An engine may be giv- 
en a top overhaiU, without 
removing it from the ship, 
but this practice is not 
recommended. The work may 
be done much more satis- 
factorily with the engine 
in the shop, and there is 
less likelihood of dirt 
getting into the open 
Courtesy Pratt & Whitney Fig® I crankcase* The sequence of 

operations is given below* 
Detailed instructions for the various steps are taken xip separately. 

To remove the engine from the ship, a chain hoist or some other 
lifting device should be available. Also, of course, an overhaul 
stand to fit the engine and a hoisting sling such as that sho;vn in 
Fig. I. A satisfactory sling can be made from heavy control cable. 
If the engine is not equipped with lifting eyes, a sling of the type 
shown cannot be used and it will be necessary to loop cable or rope 
aroxind the bases of the two cylinders which are most nearly horizon- 
tal, being careful to lead the cable so that when the slack is taken 
up there will be no damage to intake pipes, push rods, or other 
parts. Take no chances on the strength of the rope or security 
of the fastenings. 

Remove all cowling, baffles, exhaust manifolds, the propeller, 
and disconnect all gas, oil, electrical, or other connections, 
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including, of courae, the engine controls. Gas and oil lines should 
he plugged with corks or the open ends should he covered with a 
cloth tied or wired on, so that no dirt may get into the piping. The 
same applies to any openings into the engine. It is also desirable 
to tag the end of each connection, so that there will be no time 
lost in assembly tracing which line or wire leads to a given place, 
especially if the installation is one with which the mechanic is not 
f ami liar » 

Roll the ship so that the engine is under the hoist, attach the 
sling and take up all slack. Remove the engine mounting bolts, un~ 



Knglne Installation In Sikorsky S"»43 
Pig. II 

it dealrnble to disconnect the whole engine mount from the 
fuse]age and take it off of the engine later. In any case, whenever 
boif.a are removed from the engine mount or anywhere else, they 
should be put back in the holes and the nuts put on as soon as pos- 
sible, so that they will not be lost. The same applies to the nuts 
on studs, clevis pins, or any other small parts. TOien the engine is 
disconnected from the fuselage, unless a traveling cr^e or Portable 
hoist is being used, the ship must be backed away. It ^ 
sarv to lift the tall to work the accessories on the rear of the en 
K ^hroujh tli: mounting ring. Also, It is often the case that the 
mounting bolts may be removed with less difficulty if the ship is in 
.pproxlMt.l, Ih. twins po.ltl». 

It aB& bolt It to the overhaul stand. clean thorwghly. prefer b y 

iTori ■'K;vS'^oleS”SrLfl.e^rvei“:a.liyS *;i™ 

?h.? L.rS£wga are plugged or covered, but n.v.r plug hole, or 
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lines with rags, as they may be pushed inside and not be discovered 
when reassembling. 

Do not attempt disassembly without the proper tools. Use only 
wrenches that fit the parts to be unscrewed and never use pliers on 
a nut or bolt. The engine tool kit usually contains any special 
tools, such as intake pipe wrenches, valve spring compressors, etc., 
that are needed for a top overhaul. Have a clean table or rack where 
the parts may be laid out in order, so that they may be reassembled 
in their original locations and positions. It is an excellent plan 
to tag each part as it is taken off. 

SPARK PLUaS AND WIRES 

The spark plugs should be removed with the proper type of wrench, 
and overhauled as explained in the chapter on "Ignition." The igni- 
tion harness should be removed, taking care to first disconnect all 
radio shielding ground terminals and to disengage all wires from 
their cylinder retaining clips. The inspection and overhaul of the 
ignition harness has been discussed previously, also in the chapter 
on "Ignition," 

EXHAUST MANIFOLD OR RIHa 

Ordinarily the exhaust tubing and pipes are easily removed, but 
occasionally difficulties are encountered when attempting to remove 
the nuts from the cylinder exhaust studs, or when attempting to 
loosen the exhaust slip joints. Brass nuts are customarily used on 
the cylinder exhaust studs so that there will be less likelihood 
that heat and oxidation will make them seize on the stud. Even so, 
there are times when it is impossible to remove these nuts in the 
conventional manner, due to the fact that, being soft, they become 
rounded easily. If the nut becomes rounded it may often be' removed 
with a small four inch or six inch pipe wrench. Nuts which cannot be 
unscrewed may be cut off, using a sharp cold chisel. This practice 
should be followed only as a last resort, for there is great possi- 
bility of damaging the stud or cracking the base. 

The following procedure when cutting a nut loose has proved very 
effective. Support one side of the nut with a heavy square-ended ob- 
ject and cut the opposite side, making the cut by using a sharp cold 
chisel having a blade width equal to the height of the nut . The cut 
should be started by holding the chisel at exactly 90^ to the flat 
surface on the nut, and tapping it lightly a few times with a hammer. 
After the cut has been started. Incline the chisel slightly, so that 
additional blows of the hammer will tend to loosen UHenut • By this 
means it is often possible to unscrew the nut before it is entirely 
cut, thereby insuring that the threads on the stud will not be dam- 
aged. 


There is not much that can be said about how to loosen a tight 
exhaust slip joint, except to caution against the use of any tools 
or methods that would result in permanent damage to the pipe. A good 
grade of penetrating oil can often be used to advantage, as it will 
help loosen the joint by attacking the oxidation. 

Various types of exhaust systems are described in Chapter III. 
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INTAKE M^IFOLD OR PIPES 

" The intake manifold or the induction pipes should be removed, 

talcing care to see that the proper type of wrench is used. Manifolds 
are usually attached with the 
conventional stud and nut fas- 
tenings, in which case stand- 
ard wrenches can be used. In- 
duction pipes are customarily 
attached by special packing 
nuts at the crankcase end. It 
is Important that the wrench 
which is designed for this nut 
be used, as it is easy to dam- 
age the thin-walled Induction 
pipe with an improvised tool. 

The special intake pipe wrench- 
es are standard equipment in 
the engine tool kit. Fig. I 
shows the removal of an induc- 
tion pipe on a Wright whirl- 
wind. Note the special intake 
pipe wrench. Caution : Many in- 
take pipes are made of thin 
gage aluminum and can be seri- 
ously damaged by dropping. 

It is usually considered 
adequate to inspect intake man- 
ifolds or pipes visually to 
see that they are in good con- 
dition. If there is reason to 
believe that they have been 
damaged, the paint should be Remo vi^ Induction Pipe 

removed and the parts inspect- Wright Cyclone 

ed minutely with a microscope. Leaks may often be discovered by fill- 
ing the pipe in question with clean gasoline. Any large leaks will, 
of course, become apparent immediately. 

It is customary to paint the intake pipes in the same manner as 
is done with cylinders, using the same kind of paint. (See Painting 
Cylinders, in this chapter.) Care should be taken when refinlshlng 
not to get any paint on the gasket or packing surfaces. 

CONNECTIONS TO CYLINDERS 

Before the cyrinder can be removed, all of the connections from 
accessories to the cylinder, such as baffle plates, primer lines, 
manifold pressure ring connections, ’thermocouples, liquid connec- 
tions, etc. should be taken off. These parts should be Inspected 
visually to make sure that they are in good condition. 

All parts, as they are removed, should be labelled or tagged so 
that there will be no confusion when they are reassembled. It is es- 
pecially important to label the baffle plates, as many times they 
can be replaced only in one position, yet they look so nearly alike 
that much time will be lost searching for the correct baffle, unless 
it bears some identifying mark. 
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All electrical wires which are disconnected from the cylinders 
should be identified by tags^ and, unless the battery has been re- 
moved, insulated or protected in some manner so that it will be im- 
possible for them to cause a short-circuit • 

Copper and dural tubing which has been disconnected should be 
labelled if there is any possibility of confusion when reassembling. 
The ends of the tube should be plugged, or otherwise protected from 
dirt or damage. No pipes, tubes, or engine openings of any kind 
should be plugged with rags or any other material which may leave 
foreign matter inside when the plugs are removed. A soft wood or 
cork stopper should be used for this puri^ose. 

Push Rods and Housings - On the majority of radial engines it 
is unne c e s s ary i o remove any o f the valve mechanism except the push 
rods and the pushrod housings before removing the cylinder*, if such 
is the case, the parts mentioned may be removed by loosening the 
pushrod housing packing glands, using the special engine wrench de- 
signed for this purpose, and then depressing the valve spring. This 
allows the entire pushrod and its housing to be removed at the saine 
time. Caution ; Make sure the crankshaft is turned so t;hat the valve 
is open ‘before compressing the spring. 

Some pushrod housings are made in two pieces telescoped at the 
middle, having the middle joint covered with a rubber sleeve, if 
this type of housing is used it shoiild be compressed and locked be- 
fore attempting to remove. This can be done by forcing the opposite 
ends together with the hands. After being fully compressed it may be 
locked in this position by twisting tke sections in opposite direc- 
tions • 

CYLINDERS 

Removal ; - The following procedure may be used as an outline for 
the sequence of operations in removing the cylinders from any engine 
in which the cylinders are not cast in a bank: 

1. Turn the engine crankshaft until the piston in the cylinder which 
is to be removed is approximately on top center. Not©; On radial 
engines this is usually indicated by the key way or wide spline 
in the crankshaft pointing directly to the cylinder. On many oth- 
er types of engines the position of the piston may be located by 
inspection through one spark plug hole. Such inspection is often 
facilitated by shining a flashlight through the other spark plug 
opening , 

2* Remove with pliers safety wire locking hold-down nuts. If ^'Pal- 
nuts” or some other form of lock nut or lock washer Is used, there 
will be no wire, and the nuts may be removed with the proper 
wrench. Remove the nuts which are most difficult to reach first. 

3. Slide the cylinder off carefully, as shown in Fig. I, taking care 
not to allow the wrist pin to fall out of the piston. Note ; It is 
usually beat to replace all of the cylinder hold-down nuFs on the 
cra^cpe studs, thereby avoiding the possibility of misplacing 
or losing them. If this is not done the parts removed should be 
coTinted and stored systematically. 
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4o Lay the cylinder down 
and remove the virrist 
pin and piston* If the 
wrist pin is tight, tap 
it lightly, using a fi- 
bre rod or drift, or a 
round piece of wood* 

If light tapping does 
not move it, heat the 
piston carefully with 
the blow torch or with 
rags dipped in boiling 
water* Push the pin 
through only far enough 
to remove the piston 
from the connecting 
rod, then push it back 
into the piston. Mark 

the number of the cylinder and piston on a tag, or place in a 
numbered rack, so that there will be no confusion when reassemb- 
ling. Most cylinders and pistons have numbers stamped on them, 
but they cannot be seen, in any case, until they have been 
cleaned * 

The procedure for removing a cylinder bank is similar to the 
above. fiowever, in addition to removing all cylinder accessories, 
connections, hold-down nuts, etc., the following precautions should 
be observed: 

1. See that all tower shafts, gear trains, oil lines, pump connec- 
tions, etc., are removed or disconnected. Hote ; observe timing 
marks on all gear trains before disassembly. 

2. Remove as much of the valve operating mechanism as possible, to 
reduce the weight of the cylinder bank. See "Removing Valve Mech- 
anism." 

3. Make sure that the engine is supported in such a manner that It 
will not become unbalanced and roll over when the bank is removed. 
This is especially Important when working on a Vee type engine. 

4. Before actually starting to remove the bank, be sure that there 
is sufficient assistance present to do the job. Many serious ac- 
cidents have occurred as a result of underestimating the weight 
of a cylinder bank. When removing banks from larger engines it is 
often desirable to have a block and tackle, or at least a snub- 
bing rope, attached in such a manner that the weight of the bank 
may be supported at any time, caution ; If such an arrangement is 
used it should never be used to' ^p'uXl ^The cylinder bank from the 
engine, but mereTy^o support its weight. 

5. ^/Vhen removing the bank, care should be taken to see that it is 
moved evenly, that is, one end should not be allowed to travel 
faster than the other. 



6. Special care should be taken to support the block when it first 
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clears the hold-down studs, as there will be a tendt;ncy for the 
base to swing free, possibly crashing into the base studs and 
causing damage in the nature of bent studs, cracked case, or in- 
jured cylinder walls* Note the bench under the cylinder block in 
Pig. II. 

. Before the bank is entirely re- 
mo've'd some provision must be 
made to support the connecting 
rods so that the weight of the 
pistons will not cause them to 
fall against the side of the 
case when they are freed from 
the bank. One method of steady- 
ing the connecting rods is to 
bind them in a central position 
using heavy elastic bands an- 
chored on the adjoining cylin- 
der studs. Sections cut from an 
automobile inner tube will serve 
admirably. 

3. After the bank is removed it 
should be stood on some clean 
wood blocks so as not to damage 
the flange surface* if it is to 
be laid on its side, make sure 
that no part attached to the 
bank will be injured. 

Removing Valve Mechyilsm - The removal of overhead camshafts 
can usually be accomplished By simply removing the bearing caps and 
lifting the camshaft off. However, it is important to remember that 
there will be considerable pressure on the shaft due to the fact 
that some of the cam lobes are holding valves open. Therefore, it is 

essential that all of the bearing 
caps be loosenecTgradually and e- 
qually, as otherwise the valve 
spring tension will impose abend- 
ing strain on the shaft. 

The rocker arms may be re- 
moved from individual cylinders 
in most cases by removing the 
through bolt which serves as the 
rocker box axle. Sometimes this 
bolt is too tight to be removed 
with the fingers, in which case a 
fiber drift may be used. Fig. Ill 
shows the removal of a rocker arm 
from a Wright Cyclone. 

The method of removing valves 
varies with different engines. In 
some, the valve spring retaining 
washers are screwed onto the 




BUg. II 

Removing a Cylinder Bank from a 
Curtiss Contiueror Engine 
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valve stem^ but In most cases the 
end of the stem is grooved to re- 
ceive a split cone, the outside of 
which fits a conical depression in 
the washer* The force of the valve 
springs holds the washer in place 
and it in turn holds the split 
cone in the groove . Some valves 
can be removed without removing 
the rocker arm and some cannot. In 
practically all cases, however, it 
is necessary to use a block of 
wood at least 2" thick and slight- 
ly less than the cylinder bore in 
width* The length should be sU^- 
ly more than the length of the in- 
side of the cylinder, the upper 
end should fit the inside of the 
cylinder head, and at the lower 
end it should be fastened to a 
block from 4" to 6^' square so that 
it will stand upright. The purpose 
of this device is to keep the 
valves against their seats when 
the spring is compressed, as shown 
in a. Pig. IV. This picture also 
serves to illustrate the special 
valve removing tool used for the 
Wright engines. Fig. V shows a similar tool designed for the Pratt & 
Whitney engines. It will be noticed that in the latter case the 
valve is removed before the rocker arm. 

The following procedure 
applies in general to remov- 
ing any type of valves 

1. Set cylinder on valve re- 
moval block. 

2. Compress valve spring 
with compressor and pick 
out split cones with long 
nose pliers. 

CATJTIOH : Be careful of 
gating the fingers ca\aght 
if pliers are not used. 
(In an emergency, the 
spring may be compressed 
with an open end wrench, 
but it is a two-man Job 
and not recommended.) 

3. Remove springs and wash- 
ers and tie together. 
Wrap split cones in small 
rag and tie to springs, 
so that they will not be 





rig* V 



Cocjrfvau y\/JS/a^T 

Fig. IV 



408 


AlROHAin^ KKGINE r^INTMANGE 


lost. Tag springs or lay out so that they may 
be replaced in original location. 

*4. Remove small safety ring on valve stem and 
tie to springs. 

6 Hold valve stem> remove cylinder from blocks, 
reach inside cylinder with other hand and re- 
move valve. Mark or lay out valve so that it 
may be identified. 

6. Repeat procedure with other valve in same cyl- 
inder. 

pig. VI suggests one method of keeping the 
valves properly identified. 

Gleaning and Painting Cylinders - After the 
valve mechanism has been removed^ ^he cylinders 
should be cleaned thoroughly, both Internally 
and externally. This operation affords an excel- 
lent opportunity to inspect visually the condi- 
tion of many items, such as the cooling fins, 
the rocker cap hold-down studs or spring claaips , 
the exhaust flanges, all bushings and similar pax 

The carbon should be removed from the inside of the cylinder 
head with a metal scraper. Great care should be taken not. to injure 
the valve seats or to gouge the aluminum head. Aftei* t;he carbon has 
been removed the interior of the head may be polished by using fine 
emery cloth, saturated in cylinder oil. Caution: Do not use this 
abrasive on the valve seats or cylinder waTTsT''^’ 

If the enamel on the outside of the cylinder is In good condi- 
tion and is not to be removed, the entire cylinder may now be clean- 
ed, using a gasoline spray gun. After allowing it to dry, all of the 
machined surfaces should be protected with a film of llgIrF”oil. If 
the cylinder is to be repainted it is preferable to remove all of 
the old paint, as several coats of paint will seriously affect the 
cooling of the cylinder. 

One of the most effective methods employed to remove paint is 
sand blasting. If such equipment is to be used, the cylinder must 
first be protected against damage by the sand. The intake and axiiaust 
flanges should be covered with heavy cardboard gaskets, the spark 
pliig openings should be plugged, and all studs and machined surfaces 
covered with masking tape or a heavy grease. The cylinder paint can 
be removed by hand, but it is a long tedious job, especially if the 
cylinder is finned. In any case, all traces of the old paint must be 
removed and the surface left free from oil, grease or dirt. Mote : 
The cylinders should not be painted until after they are inspected 
and overhauled. 

The most satisfactory method of painting a cylinder is to use a 
spray gun. Fig. VII. The paint used should be of the finest quality 
and must be heat-resistant. One of the best paihts made for this 



Pig. VI 

title intake t‘langes, 
ts . 



TOP OVERHAUL 


409 



Pig- VII 


purpose is manufactured by the Hilo 
Varnish Corporation of Chicago • The 
following procedure is recommended 
when using their products; 

1, Clean the cylinder thoroughly 
and protect all parts not to be 
painted. Spray on one coat of 
Hilo Number 938, 

2, Bake in a well ventilated oven 
for two hours at 425*^ P. and 
then for three hours at 400® P- 

3, Let the cylinder cool and spray 
a second coat, using Hilo Number 
934, 

4, Bake again, as in step No, 2. 

This will produce a finish similar 
to that found on a new cylinder. 


Inspection of Cylinder -* In addition to being inspected visual- 
ly for any signs of chips, cracks, dents, broken fins, etc., a cyl- 
inder should be tested for the followings 


1, Loose or worn valve guides 

2, Loos© or damaged spark plug bushings 

3, Cracked rocker boxes 

4, Loose studs 

5, Loose primer connections 

6, Loose, pitted or damaged valve 

seats , 

7, Scored, pitted or worn cylinder 

walls , 

The cylinder barrel may be checked 
with an inside micrometer or an in- 
side dial indicator micrometer, as 
illustrated in Pig. VIII, for exces- 
sive wear and for an out-of-round 
condition. The engine handbook should 
be consulted for tolerances. 

If any of the above-mentioned 
faults are found, or the tolerances 
are exceeded, the cylinder should be 
repaired by the factory or an ap- 
proved overhaul station, or discard- 
ed at their recommendation. 



PISTONS 

Removal - Most pistons are at- 
tached to the connecting rods by a 


Checking Cylinder Bor© 


Pig, VIII 


410 


AIRCRAFT ENGINE MAINT EHMCT 


full - floating or 
semi-floating wrist 
pin. In the first 
type, the wrist pin 
is held in position 
hy a soft metal pad 
at either end while 
the second employs 
a safety ring at 
each end of the pin 
for the same pur- 
pose. If pads are 
used it is not nec- 
essary to remove 
them before remov- 
ing the piston pin, 
however if they are 
loose, as is some- 
times the case, they 
may be removed sim- 
ply to prevent them 
from falling. Safe- Using Ring Extractor 

ty rings should be Pig. I 

removed before at- 
tempting to remove 

the pin. If the pin is tight in the piston, do not attempt to drive 


it out, but heat the piston with rags soaked in boiling water. A 
blow torch may be used to heat the piston but great care must be ta- 
ken to avoid damage. After the piston is expanded the pin should 
slide out. If it doesn’t it may be tapped lightly, using a soft- 
faced drift. During this operation the connecting rod should be sup- 
ported to relieve any bending strain imposed on it by the hammer 
blows . 


The wrist pin and piston should be marked in some suitable man- 
ner so that the pin may be replaced in its original position in the 
correct piston. 



Cleaning - Before cleaning the piston, the rings should b© re- 
moved with a ring expander (See Pig. I). if no ring expander is a- 
vallable three strips of al\iniinum about l/ 2 ” wide may be worked un- 
der the ring so as to hold it out of the groove. Caution: The edges 
and points of the rings are extremely sharp and c ar e ^Eould be taken 
not to cut the hands or gouge the aide of the piston. 


Scrape the carbon from the top and sides of the piston with an 
aluminum scraper, taking care not to scratch the piston. The carbon 
should be cleaned from the ring grooves with a broken ring ground to 
a chisel edge (See Pig. II), caution being taken not to widen the 



groove or damage the edges, pine sand- 
paper (3/0 or finer) may be used to 
polish the top of the piston but not 
the sides. All loose carbon, dirt "aiiJ 
sludge should be cleaned from the in- 
side of the piston with an aluminm 


scraper. 
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Frequently the small oil holes 
in the piston ( at the bottom of 
the ring grooves) are plugged with 
hard carbon, in which case they 
can be cleaned readily with a small 
twist drill operated by the fingers. 

Heedless to say, the drill selected 
should be slightly smaller than the 
diameter of the oil holes. Clean 
gasoline should be used to remove 
all traces of oil, dirt, or sandpa- 
per dust . 

Inspection - The piston should 
be inspected for scores, cracks, or 
damages of any kind. If the marks 
are not over a few thousandths of 
an inch deep, they should be remov- 
ed with an oil stone. Deep scores 
or cracks mean that the piston 
should be discarded. The piston 
should be checked with a micrometer 
for the dimension tolerances as 
specified in the engine handbook. 

Check the trueness of the wrist pin with a dial gage (See Pig. 
Ill), and consult instruction book for the proper diameter and pis- 
ton clearance. If it is too loose in the piston it will be necessary 
to have an oversize pin installed by an authorized repair station. 

FITTING PISTOH RIHGS 

Although It may not be absolutely necessary it is customary to 

install new piston rings when the 
cylinder is taken off. If the en- 
gine has had much time, oversize 
rings which have been ground to 
the proper clearances should he 
used. The engine instruction book 
should be consulted for the proper 
clearances; however, if no book is 
available, the ring should be giv- 
en approximately .003*' side, or 
groove, clearance and a gap, or 
end, clearance of about .0036" for 
each inch of cylinder bore.- Note ; 
These figures are approximate and 
should not be relied upon except 
in case of emergency. Remember 
that it is much safer to have too 
much clearance than too little, for 
when the engine becomes hot, a 
tight piston ring may expand suf- 
ficiently to break or seize on the 
cylinder wall . 


Pig. I 



Checking Side Clearance 



Checking wrist pin Fig. I 13 


Check each piston ring for 
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side clearance in the ring groove. This is done ?/ith a feelor gage 
of the proper thickness as illustrated in Fig^ !• A vaivintion of 
more than ,003” in width of the groove makea it advisable to have 
the groove re-cut® 

If the side clearance is not sufficient the ring must be ground 
to the proper thickness. With proper equipment this may be done on a 
magnetic grinding wheel; however, it may also be done natlaf actorily 
on a surface plate. To use the latter method, spread a tfiln, even 
coating of valve grinding compound on a piece of plate gJass. Lay 
the ring flat on the glass and grind it down using a circular inoticn. 
This operation is much easier on the fingers If a :;ool is made by 
turning a groove to fit the ring, when compressed, in a blank coup- 
ling. A cross section of this tool Is shown in Fig. II. inie groove 
should not be as deep as the thickness of the 
ring. When using this tool the groove should 
be cleaned every time before the ring is re- 
placed, as otherwise uneven grinding may re- 
sult. Grind one side of the ring only. 


At frequent intervals during the grind- 
ing process the ring should be cleaned, in- 
stalled in the proper groove and the side clearance checked, ivhen 
the correct clearance is reached the ring should be left in the 
groove with the ground surface toward the top of tlie piston, until 
ready to fit the gap clearance. Precaution should be taken to miike 
sure that each piston ring is eventually replaced in tlie groove to 
which it was fitted. 




Fig. II 



Checking Gap Clearance 
Pig. Ill 


The rings should now be checked 
for gap, or end, clearance by put- 
ting a piston into the cylinder 
and sliding the ring In until it 
lies on the piston. The piston is 
used merely to Insure that the 
ring will ii© straight across the 
cylinder. After making siire that 
the ring is flat on the piston, 
determine the ring gap wibh a feel- 
er gage, as illustrated in P’ig. 3. 
Ordinarily the ring is checked 
somewhat further in the cylinder 
than is shown in this illustratiaa. 
Care should be taken not to force 
the ring apart when using the feel- 
er gage. Caution ; Never put a pis- 
ton into cylinder if any rings 
are installed as It may slip down 
so that the ring expands into the 
combustion chamber. If this hap- 
pens the piston cannot be removed 
without damage. 

If the gap clearance is too 
small, one end of the ring should 
be filed carefully with a fine 
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sinjp;le-“Cut flat filCo Great care should be taken to make sure that 
the file is kept absolutely parallel to the surface « The clearance 
should be tested frequently until the specified amount is obtained* 
If the piston ring is of the offset, or step-cut type, it should be 
fitted by filing each long end an equal amount* Never file in the 
notch* 


When all rings have been fitted and installed, the wrist pin 
should be slipped back into its original position and the piston 
wrapped in an oily cloth until it is ready to be assembled to the 
connecting rod* 

VALVES AND VALVE OPERATING MEGHAN ISJ^ 

It is assuiried that the valve mechanism has been disassembled 
and the parts cleaned, as previously described. All parts should be 
inspected visually for checks, cracks, corrosion or excessive wear. 
It is desirable to consult the engine manufacturer’s handbook to as- 
certain the particular items to be inspected and the approved method 
for doing so. However, in general, the following Instructions are 
applicable to most engines. 

Valves - The valves should 
be ins ert ed in their respective 
guides and inspected for exces- 
sive play. If they fit too 
loosely in the guide it probab- 
ly means that the valve guides 
will have to be replaced, such 
work should be done by the fac- 
tory or an approved repair sta- 
tion, Valves should be inspect- 
ed for loose end plugs, and 
burned or pitted faces. In most 
cases, if the exhaust valve is 
pitted at the point where the 
head joins the shank, it should 
be discarded. The valve stem 
should be inspected for any in- 
dications of scores or chatter- 
ing. If any deformations on the 
stem cannot be removed by pol- 
ishing with fine crocus cloth, 
the valve should be replaced 
with a new one# The valves 
should also be Inspected for 
stretching or warping, using a 
special measuring device, similar to that shown In Pig, I. If a tool 
similar to this is used, make sure that the guide pin is located in 
the proper groove* Hold the instrument as shown and rotate it com- 
pletely around the valve. If the gage fails to touch the under side 
of the heat by as much as l/52”, it is an indication that the valve 
Is either warped or stretched, in which case it should be replaced. 

If the valve and seat are in good condition, the valve may then 
be ground. Most factories and large repair stations have automatic 
power machines for this purpose, but the average mechanic will 



Testing Valve Stretch and Warp 
Pig. I 
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probably have to do the job usiri^^; 
a conventional hand valve -grinding 
tool . 

Grinding Valvea - To grind, 
or 1 ap , varves', a’pr e ad. a thiti,even 
coat of valve grinding compound on 
the face of the valve and Insert 
it in the guide. A thin coat of 
cylinder oil should be put on the 
stem before it is inserted in the 
guide, as this will lubricate the 
stem and prevent the compound from 
cutting it, and also will tend to 
keep the valve more nearly cen- 
tered during the grinding process. 
Clamp the end of the valve in a 
valve-grinding tool, ( Fig. II). 

Holding the cylinder and the 
grinding tool as shown in Pig. II, 
pull the valve lightly against the 
seat. Rotate back and forth turn- 
ing the tool 1800 ajia. taking a 
fresh grip every four or five 
strokes. Each time the grip is 
changed the valve should be pushed 



Grinding Valve 
Pig. II 


away from the seat and then pulled 
back as before. By so doing, the grinding compound becomes equalized 
on the surfaces, reducing the possibility of "ringing" the face. 


At frequent intervals during the grinding, remove tlie valve, 
wipe off the compound and inspect. The grinding should be continued 
until there is a uniform gray band completely around the face of the 
valve. ^ Before the valve is tested it should be given a final grind- 
ing, using the finest grinding compound and very light grinding 
strokes. If water-mixed grinding compound is being usedi, the final 
cut should be made with the compound well saturated with water. 


The valve should be tested by assembling it In the cylinder (sea 
Assembly of Valve Mechanisms, later in this chapter) , using the re- 
taining washers and springs. If the valve is to be removed It is not 
necessary to Install the safety ring, however, as a safety precau- 
tion, it is a good plan to replace the ssifety ring in case the valve 
does not have to be removed. Where facilities "are available, the 
valve should be tested by closing all cylinder openings and placing 
the cylinder in a pressure testing block. Pill the valve port with 
gasoline and then Introduce the air pressure to the Interior of the 
cylinder. Any leaks around the valve will Immediately become appar- 

through the gasoline, if no such facilities 
are available the valve seal may be tested by pouring gasoline Into 
valve port and, with a light, inspecting the valve from the in- 
side of the cylinder to detect any gasoline leaks. If the valve has 
been put in d^, any leaks will become apparent Immediately. If the 

dPtLted imMT valve was assembled, a slow leak may not be 

detected until after three or four minutes have elapsed. Ordinarily, 
if no leaks appear within five minutes, the valve is considered to 
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"be tight. Another method used to 
test the valve seal is illustrated 
in Pig. III. The cylinder is in- 
verted after the valves are re- 
placed and the spark plug openings 
are closed. Enough gasoline is 
poured into the cylinder to cover 
the valve heads. Using a special 
plug as shown in Pig. Ill, compres- 
sed air is introduced into the port 
until a pressure of not less than 
10 poimds , nor more than 15 pounds 
is obtained. Any leaks will become 
apparent as air bubbles in the gas. 

The gasoline used for testing may ^ 
now be emptied and the valve assem- 
bly removed and stored until ready 
for final assembly. Caution ; If the 
valve is not to be removed, it 



Fig. Ill 


should be depressed slightly and the face coated with light cylinder 


oil to prevent rusting. 


Re facing Valves - Valves which are in good condition except for 
pits on the face may be reclaimed by refacing them, using a standard 
aircraft valve refacing grinder, similar to the type shown in Pig. 
IV. Complete instructions for the refacing of valves are furnished 
with the machine which, if followed carefully, will insure an excel- 
lent job. The main things to remember are that the valve must not be 
warped, and that as little metal as possible be removed when the cut 
is made. Other contributing factors are simply the requisites of any 
good workmanship; a true stone, careftil adjustments, etc. 



Valve Refacing Machine 
Pig. IV 



Recutting Valve Seats -Valve seats which are slightly burned or 
pitted may be reseated with a reseating reamer, a set of reamers de- 
signed for this purpose is shown in Fig. V. Before cutting a seat it 
is important to make sure that it actually needs it. Often a valve 
seat becomes discolored, due to a particle of carbon which has been 
hammered into its surface. This may give the appearance of a burned 
or pitted spot, but by testing with a correctly shaped scraper (or 
by making a trial cut using grinding compound and a valve) any sur- 
face discoloration will be discovered. 
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A reamer should be selected which ha.", the connect Mn|.'’Xe 

as specified by the engixie manufacturer and, luulnr the adjustable 
tension handle a 3^:y;;;ht cut should be taken llrotii t!:ia seat. Con;, older- 
able skill and tirade jud/tment a;r‘e required to use reainei's corr'ectly 
and for this reason the beginner should nevt?r at!:empt to r'ocut valve 
seats except imder the direct supei'vision of an exp(jxi.t*nc<;ci mechanic. 



of r ///<,',) •/ H v/ <r.»uv* 


Pis. VI Recutting Valve Seat 

When cutting with a reamer. Pig. vi. the adjustable handle must 
be set to provide sufficient tension to insure that the reamer will 
cut through the scale or hardened surface of the seat and still not 
remove any excess metal. If the blades are allowed to drag over the 
glazed surface they will become dulled or chipped. Turning a reamer 
backward may also dull or damage the cutting blades. 

Some engine manufacturers recommend that the valve seat be as 
wide as the valve face and some prefer to have it narrower, however, 
in no case should it be wider. If the seat becomes too wide it may 
be narrowed by using two cutters with different angles. For example, 
o Cyclone is too wide it may be reduced in 

width hy using a 20 and 70° cutter as shown in Fig. VII. The final 
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cut should he made hy using a 30^ reamer, as shown in Plg« VIII- 

Caution s The angle of the seat and the angles of the narrowing 
cutters do not necessarily apply to any other type engine® The in- 
dividual engine specifications must he consulted for this informa- 
tion «. 



Retaining Washers - These 
should ’Ei inspected Tor cracks, 
rust, or undue wear. Cracks are 
most likely to develop near the 
fillets on the spring side. 

Valve Springs - Inspect the 
valve springs for cracks, scores, 
pitting, or breakage. Ordinarily, 
a breakage at the tapered end of 
the wire does not seriously affect 
the efficiency of the spring. If 
proper equipment is available the 
tension of each spring should be 
tested as Illustrated in Pig. IX. 
Proper spring tension will be giv- 
en in the manufacturer's instruc- 
tion book. If the proper tension 
testing equipment cannot be had or 
improvised, the equalization of 
the tension of the various springs 
may be checked by placing them in 
a row on a flat surface. This pro- 
vides an opportunity to inspect at 
a glance the comparative length of 
each spring. Short springs are in- 
dicative of a lowered tension. 

Rocker Arms - Rocker aims 
should be checked for cracks, dents. 



Fig* IX Testing Valve Spring Tension 
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rust, or other damage. Cracks ai^e most likely to dttveXor at tlie ra- 
dii or fillets. The condition of all threads shoiilci be Inspected. 
The push rod seat should be inspected for indications ot‘ excessive 
wear or hammering. If it has been lightly galled, it \ r, usually per- 
missible to polish the surface with fine crocus cloth. Clieck the ad- 
justing screws for the condition of the threads, tiie sphcrrical seats 
and oil holes. As a safety factor, all .'lock washer a on adjusting 
screws should be replaced. If a roller is used it should be checked 
for excessive play, cracks, x'ust and flat snots. Any roller or ball 
bearings should be inspected by first romoviug all grease or grit 
with clean gasoline. If, when perfectly clean, the bosrlng docs not 
rotate smoothly it should be discarded. 

Push Rods - Check the push rods for loose oi‘ damaged ends. Push 
rod ball ends should not be replaced unless so reconimcaided by the 
manufacturer. Roll each push rod on a surface plate bo see if it is 
straight. If any slight bend is apparent, the push rod may be 
straightened by tapping the high spot back into place with n light, 
soft-faced mallet. Ball ends may be polished with crocus cloth and 
any slight irregularity may be honed smooth witli an oil stone. 
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ASSEMBLY 


Assembly is one of the most impoi^tant phases of top overhaul and 
should be done with the utmost care and skill. No specific direc- 
tions can be given which will cover all cases # but the sequence 
herein outlined has proved to be applicable to most engines, some of 
the most important things to remember are as follows: 

Make sure that all parts are clean and free from any grit or 
particles of steel wool. 

All steel parts should be oiled or painted, as the case may be, 
to protect them from rust. 

All moving parts should be protected from the effects of fric- 
tion by a coating of oil. In this connection it is well to remember 
that light cylinder oil will drain from an object in a short time, 
therefore if the engine is not to be run for an appreciable length 
of time after assembly, it is advisable to lubricate all friction 
points with castor oil. 

It is essential that all safeties be replaced as each particu- 
lar job is completed, to prevent the possibility of forgetting to 
safety any part. All cotter pins should be replaced so that they are 
tight and cannot chatter. This is particularly important on cotter 
pins inside the engine, for they cannot be inspected regiilarly. Be- 
cause of their extra strength, it is customary to use steel cotter 
pins in places where they receive lubrication, such as inside of a 
pressure lubricated rocker box. 

Valve Mechanisms - The first step in assembling the valve mech- 
ani sm i s t b~" cl e an the valve thoroughly in gasoline. It should then 
be coated with light cylinder oil, especially on the stem and the 
face. Clean and lubricate the valve guide bore. Insert both the in- 
take and the exhaust valves, attach their respective safety rings 
and, holding them in position by the ends, invert the cylinder over 
the block which was used to support the valves when they were re- 
moved . 


Replace the lower retaining washers, making sure that the 
grooved side is up. Replace the valve springs, making sure that the 
correct springs are used for each valve. Replace the top retaining 
washer and, compressing the spring with the same tool as used when 
removing, insert the keepers. Note ; Where possible, long nose pliers 
should be used to Install the keepers to prevent accidental injury 
to the fingers . , 


The cylinder may now be lifted off the block and the valve as- 
sembly tested by striking the top of the valve stem a few sharp 
blov/s with a soft-faced hammer. Any misalignment of the springs or 
retaining washers will probably be apparent. 

Rocker Arms - Tbe rocker arms should be assembled in the re- 
verse order to ’THit in which they were removed. Care should be taken 
to see that all moving parts are lubricated. If the rocker arm is of 
the type that is drilled for pressure lubrication, it is desirable 
to fill it with oil before assembling. Before safetying, the rocker 
arm should be tested for free action and end play. 
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Camshafts - After all the valves have been assembled the over- 
head camiEaFFlnay be replaced. Note: If csn followers are uaed^ they 
should be lubricated and installaa^befora the cmushaf t . it is impor- 
tant to remember that the camshaft 'shbulH' be placed in such a posi- 
tion that as few of the cams as possible will force valves open when 
the shaft is drawn down. After placing the camshaft In position all 
of the bearing caps should be installed and tightened evenly, tEIs 
I s to prevent any undue bending strain being placed on the shaft or 
any of the bearings. If dual camshafts which ax’© made with an inte- 
gral timing gear are used, the gears must bo correctly meshed with 
each other before the shafts are instaJ.led, This is usually indicat- 
ed by two marks on adjacent teeth of one gear and a max‘k on one 
tooth of the opposite gear. Naturally, they are to be replaced so 
that the single mark fails between the two marks. 

Pistons - Pistons should be cleaned thoroughly In gasoline and 
allowed to dry before installing the rings. Great care should be ta- 
ken to make sure that the rings which were fitted for the individual 
grooves be replaced accordingly. Be sure that no ring is replaced 
upside down. ’ Note ; Rings which have been gr*ound should be replaced 
with the groimd“liIde up. Beveled oil wiper rings should be replaced 
with the beveled side up (toward the top of the piston). After all 
the rings have been replaced they shotxld be lubricated generously 
with the correct grade of cylinder oil. 

The piston may now be assembled on the connecting rod. Make sure 
that the piston is on the correct rod and in the correct position. 
Ordinarily, the cylinder number is stamped on the propeller side of 
the piston. If the engine has individual cylinders it is necessary 
to replace only one piston at a time, the cylinder following immedi- 
ately, It is an excellent practice to fill the wrist pin witii lubri- 
cating oil before installing the piston, as this insux^es adequate 
lubrication of the cylinder walls when the engine is fix*st started. 
If the wrist pin is held in position by safety rings, the rings 
should be replaced as soon as the assembly is attached to the rod. 

Cylinders - Before the cylinders are replaced the following 
preparations should be made. If cylinder gaskets art used they should 
be attached to the crankcase by a light coat of gasket shellac or 
other type of seal as preferred by the mechanic. The tog of the cyl- 
inder gasket should not be shellacked, but should be’ coated with a 
non-adhesive seal, such as soft soap. The cylinder walls should b@ 
generously lubricated with the correct type of cylinder oil. Th® 
rings on the pistons should be so arranged that th® gaps are spaced, 
as nearly as possible, evenly around the circumference of the piston. 
Many mechanics do not think it advisable to space th® rings so that 
a gap is in line with either end of the wrist pin. 

I ndlyidual Cylinders - if the cylinders are to be assembled to 
a radial engine, the master cylinder should be put on first, as this 
will prevent excessive rotation of the master bearing which might 
cause the pistons In other cylinders to exceed their normal travel. 
On some radial engines it is desirable to Install the induction 
pipes before the cylinders. This can be determined by the method in 
which they were removed. The Installation of induction pipes is dis- 
cussed later in this chapter, it is very difficult for a mechanic to 
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Fig* I Installing Piston and Cylinder 

install a cylinder on a piston xmassisted unless a ring compressor, 
such as illustrated in Pig. I, is used. This tool can be Improvised 
from a sheet of thin metal, and reduces the possibility of ring 
breakage * 

Holding the piston and cylinder as illustrated, gently work the 
cylinder over the piston rings, then slide it down as far as the 
wrist pin. At this point the wrist pin safeties should be again in- 
spected just as a final check. If loose type piston pin pads are 
used, they should be inserted and the cylinder slipped down to the 
oil ring. Compress the oil ring with the compressor and slide the 
cylinder over it. The cylinder may now be inserted in the case, tak- 
ing care that this is done squarely. Do not use any force or prying 
to make the cylinder skirt enter the case. Slip the cylinder onto 
the hold-down studs and replace the hold-down nuts. Note : On some 
engines it is possible to put the cylinder on backwards. Obviously, 
this should be checked. Tighten the cylinder hold-down nuts evenly, 
using the correct type of wrench. The safeties should be replaced 
immediately. 

Cylinder Bank - In line or Vee engines, the cylinder bank, 
crankcase surface and pistons should be prepared in the manner de- 
scribed above before the bank is assembled to the engine. When as- 
sembling the bank it is desirable to have it supported by overhead 
cables, as shown in Pig. II. Before lowering the cylinder b^ to 
the engine, the crankshaft should be rotated so that the pistons 
furthest from the ends of the crankshaft will enter the bank first. 
Actually, the cylinder bank is not lowered onto the piston, but is 
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merely supported while the pis- 
tons are forced into the case by 
the rotation of the crankshaft. 

In the illustration shown in Fig* 

II, the twp inside pistons have 
entered the cylinders and the 
next two pistons. Nos. 2 and 5, 
are ready to enter. Note that the 
rings are being compressed while 
an assistant stands ready to foroe 
them into the cylinders by turn- 
ing the crankshaft. After all the 
pistons are in place the bank may 
be lowered , carefully onto the 
case. It is a good plan to rotate 
the crankshaft back and forth 
slightly during this operation to 
prevent any possibility of bind- 
ing which may be caused by mis- 
alignment . Aft er the cylinder 

bank is in place and the hold- 
down nuts are snug, the entire bank should b© tightened down evenly. 
Hold-down nut safeties should be replaced immediately. 

Spark Plugs - As soon as the cylinders are in place the spark 
plugs should be Installed, temporarily at least, to j^revent tmy for- 
eign matter from getting into the cylinder. For correct installation 
of spark plugs, see the chapter on Ignition. 

Induction Pipes - Induction pipes should be installed with new 
packing and new gaskets. If rubber packing is used it must not be 
shellacked or treated with any other material which acts as a seal. 
The cylinder Intake gasket should be shellacked to the cylinder and 
coated with a graphite oil paste on the other side. There are sever- 
al other types of gasket «'eal preparations which many mechanics pre- 
fer to use; however, this is largely a matter of personal preferroe. 

Intake ! anl folds - Great care should bo taken when installing 
intake manifolds which are made in a one-piece alumlntmi alloy cast- 
ing. The manifold-to-cylinder gasket should be prepared as described 
above, the manifold slipped in place and the capscrews or nuts tight- 
ened evenly. The safeties should be replaced immediately. 

Push Rods - The sequence for installing the push rods ^md push 
rod housings cannot be listed, as it varies in almost every case, 
however the following precautions should be taken in any installa- 
tion: 
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ASSEMBLINCi CVI.INDI-R MiRTICALI.Y 
Fig. II 


Make sure that all bearing surfaces are lubricated . 

Make sure that the push rods are Installed with the correct end 
up. 

If the push rod housing is of the telescoping type, make sure 
It is snapped into place and that the rubber sleeve covers 
the joint. 

If pressure lubrication is used, all oil lines should be con- 
nected Immediately. 
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CHECKING VALVES 

Checking the valve clearance is an Important operation which 
has much to do with the smooth running of the engine* This will he 
understood when it is realized that a few thousandths of an inch 
variation in the clearance of a valve actually throws that cylinder 
out of time, and causes a decided reduction in the power output* In- 
asmuch as checking valves is so important and also a job that must 
be performed frequently by the mechanic, the various engine manufac- 
turers* instruction books should be studied for exact details. 

Valve Adjusting on Individual Cylinders - When speaking in ref- 
erence to radial engines, the term checking valves" means more than 
simply adjusting the valve clearance. At the same time that the 
clearance is checked the rocker arm and all its accessories should 
be inspected and lubricated. Pig. I shows the method of checking 
rocker arm siae clearance with a thickness gage. The rocker arm rol- 
ler should also be inspected for cracks, rust, flat spots, etc. As 
far as possible the retaining washers and springs should be inspect- 
ed for rust, breakage and position. 

Valves should be adjusted only when the cylinder in question is 
on top center of the firing stroke . This position may be ascertained 
as described in Chapter 4 . It is customary to check No. 1 cylinder 
first, and then proceed in the firing order of the engine, or every 
other cylinder, for by this means it will be necessary to turn the 
propeller through the Interval of only two cylinders, instead of 
through one complete revolution, as would be necessary in checking 
the valves on an adjacent cylinder. 

Valve clearance is adjusted by 





■Pig. I Pig. II 


424 


AIRCRAFT ENGINE M A INYIilNAKCE 


or tappet, and the valve stem and turning the adjusting screw \mtil 
the correct clearance is obtained. There are various types of ad- 
justing screws and, of course, the method of turning and saf ©tying 
each varies. Fig. II Illustrates the proper method for adjusting the 
valve clearance on a Wright Cyclone. After the correct clearance is 
obtained the adjustment should be locked and the clearance re- 
checked, as sometimes the adjustment slips while it is being tight- 
ened. If the adjustment is not correct, the procedure will have to 
be repeated. 

Ad justing Clearyic© on Cylinder Banks - After the cmnshaft has 
been installed tbe valve clea^^ce sEouIcPbe set on each individual 
valve. To do this, turn the camshaft so that the can lobe is at its 
highest point, or pointing directly away from the valve or cam fol- 
lower, as the case may be. Inserting a feeler gage of the proper 
thickness between the low point on the cam and the valve (or the cam 
follower), the adjustment can be turned until the correct clearance 
is obtained. After the clearance has been sat and checked the cam- 
shaft should be turned through one complete revolution to make sure 
of its free operation. When the cam is at its lowest point, or when 
it is depressing the valve to the extreme. Inspect the valve to see 
if it is possible to open it any further. Thxs can be done by plac- 
ing a small pinch bar or heavy screw driver under the cam lobe in 
such a manner as to 'open the valve further. If there is no addition- 
al travel left, it is probable that some improper part has been used, 
that an Incorrect adjustment has been made, or that the cam follower 
Is binding in its guide. Obviously, the matter should be investigat- 
ed. 

TIMING THE ENGI^fE 

This operation becomes necessary during a top overhaul only in 
case a ceonshaft has been removed. The timing of a radial engine or a 
line engine having an Internal camshaft is not disturbed ^luring a 
top overhaul. 

To time the camshaft to the crankshaft, the camshaft drive, or 
tower shaft, should be replaced so that the timing gear marks on all 
the gears involved are perfectly aligned. In the majority of cases 
these timing marks are clearly indicated. If not, more specific di- 
rections for timing the camshaft will be found in the engine manu- 
facturer* s instruction book. After replacing the tower shaft, the 
valve timing should be checked in the manner described below. 

Checking Valve Timing - To check the valve timing it la desira- 
ble to have a top dead center indicator and a timing disc, such as 
described in Chapter 4. Note : On some engines a timing disc is un- 
necessary, as the timing marks are Indicated on some rotating part, 
such as the cam ring. This is especially true of the larger types of 
geared engines. It should be noted here, also, that in a geared en- 
gine the propeller shaft rotates at a different speed and in some 
cases in a different direction from the crankshaft. In addition to 
the tools required, the timing specifications for the engine will 
have to be secured. These may usually be found stamped on a plate 
which is attached to the engine, but if not, they may be fomd in 
the engine manufacturer's instruction book, where they are sometimes 
illustrated as shown in Fig. I. This illustration serves not only to 
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show the opening and closing position of each valve, hut also the 
length of time each valve remains open and closed. 


The first step in checking the timing is to ascertain the exact 
top dead center of the piston in Ho. 1 cylinder, and set the timing 
disc to read zero degrees at this point. If No. 1 cylinder is on the 
compression stroke, both valves will be closed. Note ; On most radial 
engines it is necessary to reset the valves, on the cylinder used 
for timing, to the "timing clearance." Such an adjustment is required 
to make allowance for the expansion of the cylinder when it is 
raised to engine running temperature. 

Turning the propeller in the direction of rotation, the first 
position to be checked will be the opening of the exhaust valve. 
This is usually in the vicinity of 40^ to 60^ before bottom center. 
Turn the propeller to approximately 70^ before bottom center, then 
grasp the exhaust valve retaining’ washer between the thumb and fin- 
gers and attempt to rotate It back and forth. It will be possible to 
rotate the retaining washer within definite limits; however, if the 
valve is closed there will be sufficient frictional tension on the 
face and iesS^surf aces to prevent nhe valve itself from rotating. 
On soma of the smaller types it is possible to rotate the ret aining 
washer. This Is not to be confused with the rotation of the" valve 
wEIcE"may be verified by observing the end of the valve stem. To lo- 
cate the exact position at which the valve opens, a constant pres- 
sure should be held on the retaining washer and the propeller moved 
forward slowly. As soon as the valve starts to open the valve face 
will be lifted off the seat, leaving the valve free to rot ate. A 
little experience will enable the mechanic to know when the vaT^ is 
"dragging** on the seat. This indicates that the valve has just start- 
ed to open, which is the correct position for valve timing. Make a 
note of the position indicated on the timing disc. 
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Turning the propeller in the direction of rotation, the next po- 
sition to he checked will be the opening of the intake valve, which 
is done in the same manner as described above* This position should 
also be noted. 

The next point to be checked Is the closing of the exhaust valve. 
To determine this point, grasp the retaining washer as described a- 
bove, and oscillate it continuously while on assistant moves the 
propeller forward slowly. Again, a little experience will enable the 
mechanic to feel when the valve starts to drag, which Indicates that 
the valve is about to close. This procedure should be repeated to 
locate the closing position of the intake valve. 

If the readings so obtained vary more than a few degrees from 
those given by the engine manufacturer, the engine should bo re- 
timed. This is a job which should be performed only under the super- 
vision of an experienced mechanic. 

ACCESSORIES ATO ATTACHMENTS 

flo eke r feox Covers - B©f o re the rocker box covers are replaced 
the lubrl c at ing p ads whl ch are inside should be refreshed or i^enewed. 
If no such pad is used, the interior of the cover should be inspect- 
ed to make sure that it will not come in contact with the rocker arm. 
The correct fastenings and safeties should be replaced inmiediately. 

Cmnshaft Covers - Before replacing the camshafu cover* idie valve 
mechanism should be generously lubricated and a quantity of lubri- 
cating oil poured into the tower shaft housing. In many cases it is 
advisable to fill all low pockets so that there will be no possibil- 
ity of a lack of lubrication when the engine first starts. If a soft 
gasket is used it should be prepared with a suitable sealing com- 
pound, as previously described. 

Carburetor - If the carburetor was removed it may now be re- 
placed, making sure that all carburetor gaskets and fuel lines are 
in good condition. When installing the carburetor on a Vee type en- 
gine it is particularly Important that it be properly aligned be- 
tween the manifolds on each bank. 

Cylinder Attachments - All minor attachments on the cylinder, 
such as primer lines, thermocouple wires, and air Injection starter 
lines should be connected to the proper fittings* The spark plug 
wires should be connected to the spark plugs and safetied there. 

Miaust System - The exhaust system should now be assembled to 
©nglne, using copper or asbestos exhaust gaskets. It is not nec- 
essary to put any type of sealing compound on these gaskets. Make 
sure that the exhaust stacks and joints are secure and gas-tight and 
that the exhaust gases cannot come In contact with any part of the 
structure. 

AFTER OVERHAUL 

After an engine has had a top overhaul It should be operated for 
several hours for the purpose of running in any new parts* An oppor- 
tunity is afforded at the same time to Inspect the engine for any 
oil leaks, loose accessories, etc. which may accompany a reassembly. 
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For the first portion of the run-in period, it is desirable to oper- 
ate the engine without cowling, to facilitate inspection. 

The exact procedure to be followed when breaking in a newly 
overhauled en^;ine varies somewhat with the type and size of engine. 
In general, the larger engines require a longer run-in period than 
the smaller types. Special items to be noted during this period will 
be found in the manufacturer's instruction manual. The following 
procedure is applicable to most engines. 

1. Start the engine in the conventional manner, as described in 
Chaf)ter 5. Note ; Due to the excessive amount of oil in the cylinders 
it may be necessary to use more priming charge than usual. If the 
engine fails to start immediately it may be due to the excessive 
amount of oil having foulsd the spark plugs. 

2. As soon as the engine starts, check the oil pressure gage to 
see if the pumps are functioning correctly. If the oil pressure does 
not come up to the allowable minimum within the first half -minute of 
engine operation the engine should be stopped immediately. Mote ; It 
may be necessary to re-prime the engine oil pump lines before the 
pump will pick up pressure. 

0 . The engine should be run slowly (at idling speed) for the 
first fifteen minutes, after which it should be stopped and a thor- 
ough inspection made. All cylinders should be felt to note if any 
one is running exceptionally hot. Note ; It is important that the cor- 
rect type of oil and gasoline be used, as an incorrect grade of eith- 
er may lead to excessive heat. 

4. After fifteen minutes of running, the engine may be operated 
at a slightly higher r.p.m. for the next half-hour. The speed of the 
engine should be Increased slightly every thirty minutes, so that at 
the end of four hours' running it will be operating at approximately 
one-half its maximum r.p.m. This speed should be continued for the 
full duration of the run-in period of from 8 to 10 hours, except for 
occasional accelerations to maximum ground r.p.m. Caution : The en- 
gine temperature gages should be watched carefully during this time 
to make sure that the maximum allowable temperature is not exceeded. 

5. After the run-in time has been completed, the power plant 
should be cleaned thoroughly. Inspected, and the cowling replaced. 
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V/hen an engine or any part of the power j lant inatal] ation does 
not function properly, It is the trouble shooter's job to locate the 
cause and, correct it. This type of work requires not onJy a thorough 
understanding of engine principles and a familiarity with a great 
many types of engines and their "weak spots", but also the ability to 
think clearly and logically. Only long experience will enable a me- 
chanic to consistently locate engine troubles quickly. Healizing 
this the apprentice mechanic should take every opportimlty to work 
with an experienced trouble shooter and observe his pi'ocedure. in 
addition to observation the beginner should develop the habit of an- 
ticipating engine troubles. For example, when working on any part of 
an engine the mechanic should become thoroughly familiar with the 
part and its relationship to the engine. He should ask himself what 
would happen if this part failed, what would be the logical indica- 
tion of such a failure and, of course, what precautions he should 
take to prevent its failure. 

It is obviously impossible to outline a definite procedure to 
follow when locating engine troubles; however, some suggestions may 
prove to be helpful. The first step is to analyze correctly the 
problem. It is not sxxfficlent to say that the engine does not run 
properly, but the trouble must be defined exactly. For example, "the 
engine fails to develop its full horsepower at high speed", or "cyl- 
inder No. 6 does not fire." This may seem elementary but it is one 
of the most Imnortant items In isolating the trouble. 

Next, review all of the possible causes which singly or combined 
could produce the specific trouble. This is not an easy job and is 
one that is frequently overlooked. Too many mechanics are prone to 
discount the possibility of two or more things going wrong simultan- 
eously and which, when combined, could produce the effect noted. If 
possible the engine manufacturer's manual should be consulted. Many 
times it includes a list of trouble-causing items peculiar to the 
particular engine and its accessories. 

The next logical step is to select the cause that seems the most 
likely, and investigate. For example, if cylinder No. 6 does not 
fire it would be natural to suppose that the spark plugs are defec- 
tive. Investigate this by installing good plugs in the cylinder and 
then testing to see if the trouble is corrected. If it isn't, at 
least the elimination of one source has been accomplished. This pro- 
cess of elimination should be continued until the real cause of the 
trouble has been Iqoated and corrected. 

A few of the more common engine troubles are listed below. Those 
for which the correction is not obvious are discussed elsewhere in 
this book. 
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FAILURE OP ENGINE TO START 

lo Ignition switch off 
Out of fuel 

5. Oily or fouled spark plugs 

4. Magneto points stuck open or held apart 
5o Wax on magneto points 

6, Magneto ground wires broken and grounded 
7 a Over or mder primed 

8a Engine too cold 
9a Water in the carburetor 

10a Wet ignition (spark plugs, magneto, harness) 

11. Failure of carburetor control to function properly 

12. Incorrect throttle setting 

13. Incorrect timing or valve clearance 
14 o Air leaks in induction system 


FAILURE OP ENGINE TO RUN PROPERLY AT IDLING SPEED 

1. Idling jet restricted 

2. Incorrect idling speed adjustment 
5a Throttle valve closing too far 

4. Cracked intake manifold 

5. Air leak in the induction system 

6. Improper valve clearance 

Vo Engine fouls spark plugs when idling 
8. Excessive play in carburetor controls 

9a Compensator needle leaking (Chandler-Groves carburetor) 


FAILURB: OB’ ENGINE TO DEVELOP FULL POWER 

It is customary to check the r.p.m« of an engine at wide open 
throttle on the ground, A properly functioning engine may have a 
considerable variation in speed due to atmospheric conditions or to 
a different propeller pitch setting. If the airplane is faced into 
the wind the engine r.pama will be greater than when the wind is 
from the side or the rear. This may cause a variation of as much 
Rs 100 Tapam* The above items should be taken into consideration 
before looking elsewhere for the cause of the trouble, 

1. Faulty ignition 

a. Ignition out of time 

b. Weak magneto magnets 

c. Blxoesslvely burned or pitted points 

d. Defective spark plugs 

2, Incorrect carburetlon 

a. Mixture too lean or too rich 

b. Throttle valve not fully open 

c. Improper grade of fuel 

d. Intake manifold too cold 

e. Air leak in carburetor 

f. Incorrect fuel pressure 

g* Turbulent flow of air in intake horn 
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5. Improper lubrication 

a. Oil too heavy 

b. Oil temperature too low or too high 

c. Overhead not properly lubricated 

4. Miscellaneous 

a. Pre-ignition 

b. Incorrect valve timing 

c. Weak springs (valve action slow) 

d. Improper valve clearance 

e. Compression too low 

f. Excessive carbon 

g. Leaking valves 

h. Exhaust manifold constricted (back presjmre) 

1. Engine stiff or tight 

2 . Incorrect propeller setting 


ENGINE STOPS 

Magnetos grounded 
2. Out of fuel 

S,*' Carburetor jets restricted 
4* Air or vapor lock in fuel line 

5, Fuel lines partially obstructed 

6 , Structural failure 


ENGINE MISSES REGULARLY ON ONE OR MORE CYLINDERS 

1. Fouled spark plug 
2* Defective spark plug 

3, Broken or grounded spark plug wire 

4, Improper valve clearance 

6» Low compression on one or more cylinders 

6. Damaged distributor head 


ENGINE MISSES INTERMITTENTLY 

1. Incorrect mixture 

2 , Improper grade of fuel 
3* Water in fuel 

4* Air leaks in induction system 
5, Slow valve action 
6* Defective magnetos 
7, Distributor points or contacts dirty 


IMPROPER ACCELERATION 

1. Improper idling adjustment 
2* Defective accelerating pump 

3. pump lock plunger stuck in OFF position (Chandler-Groves Card.) 
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IMPROPER F’lTEL PRESSTFRE 

:i , Air leak in system 

2. Improperly ad;]ustecL relief valve 

3. Clogged strainers 

4. Vapor lock 

5. Leaky float 

6. Diunaged needle valve 

7. Excessive fuel supply pressure 

8. Improper float level 

9. Worn fulcrum pin 


IMPROPER OIL PRESSURE 

1. Air leak in system 

2. Improperly ad .justed relief valve 

3. Clogged strainers 

4. Improper grade of oil 

5. Vapor lock 

6. Excessive bearing clearance 

7. Oil too iiot 

8. Atmospheric temperature too low 

9. Lack of priming 

10* Oil foaming in supply tank 


ENGINE VIRHATKS EXCESSIVELY 

1* Provellcii' out of balance or out of track 

2 . B e n t c r ^ i n k s li a 1’ t 

3. Unecpial valve clearance 

4. Defective spark p^luga 
b. Engine loose on mount 
6. Propeller imb nut loose 

7 . I mpr o p e r hot n i r d i s t r ibut i on 

8. Ice fo mat ion in carburetor 

9. Incorrect carburetor setting 
10* Kngitio tou cold 

EXCESSIVE FUEL Ct'NSUMPTION 

1. Mixture too rich 

2. Jets too large 

3# Ignition timing late 

4. Engine running too cold 

5. worn piston rings 

6 . Leaking valves 

EXCESSIVE OIL CONSUMPTION 

1. Improper grade of oil 
2* Worn piston rings 
3* Worn main bearing 

4. Crankcase compression 

5 . overheating 
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ENGINE WON*a? STOP MEN SWITCH IS TURNED OFF 

1. Magneto ground wires broken 
2o Engine excessively hot 
3o Excessive carbon 


OIL TEMPERATURE TOO HIGH 

I. Improper grade of oil 

Oil that has been run too long 
So Insufficient oil coolers 
4 a Ignition too late 
5o Pre-ignition 
6. Improper engine cooling 
7o Improper grade of fuel 
8a Not enough oil 

9. Dirty oil 

10. Scavenger oil pump not cleaning crankcase 

II. Worn piston rings 

12. Piston rings installed upside down 

13. Improper venting 

14. Incorrect air baffling 



CHAPTER 18 
FUEL AND OIL 

Fuel Is a substance which when properly mixed iwith air, pro- 
duces heat through combustion. For the present types of internal 
combustion engines, the fuel is invariably in liquid form and, ex- 
cept in the case of Diesel engines, nearly always consists of gaso- 
line, either pure or combined with relatively small amo\uits of other 
fuels or chemicals, such as benzol or tetraethyl lead, to improve 
its anti-knock properties. 

(Jasoline, commonly referred to by mechanics as "gas”, and lubri- 
cating oils are derived usually from the same source - crude petro- 
leum. Grade petroleum is a mixture of numerous hydrocarbons and nat- 
ural Impurities. Its general composition varies widely with the dif- 
ferent localities in which it is found. In the United states the var- 
ious crudes are commonly classified geographically into four main 
groups: 

1. Pennsylvania Crudes 

2. Gulf Coast Crudes 

3. California Crudes 

4. Mid-continent Crudes 

They may also be classified with respect to the hydrocarbons 
which predominate in their composition, as: 

1. Paraffin Base Crudes 

2. Asphalt Base Crudes 

3. Naphthene Base Crades 

4. Mixed Base Crudes 

Although there is no sharp dividing line, in general, the num- 
bers of the two types of classifications coincide; that is, the 
Pennsylvania crudes are of paraffin base, the Gulf Coast of asphalt 
base, etc. 

Paraffin base crudes are commonly given the preference for the 
production of lubricating oils, and naphthene base crudes for avia- 
tion gasoline. 

REPINING PROCESS ES 

Grade petroleum la transported from the oil fields by tank cars 
or pipe linos and stored in tanks at the refinery. Moisture and sed- 
iment are allowed to settle to the bottom and are drawn off. The 
crude oil is then ready for refining by distillation. 

This process utilizes the fact that the many compounds of which 
petroleum is composed have different boiling points. In other words, 
they evaporate or vaporize at different temperatures. For example, 
gasoline vaporizes at a relatively low temperature, kerosene at a 
higher, and lubricating oil requires still more heat. Thus, by heat- 
ing the 03 ?ude oil, the lighter and more volatile elements such as 
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gasoline will be vaporised first, and the heavier portions last. The 
vapors are condensed as they rise in the still, and led off to their 
respective tanks. This type of refining process is known as ’'frac- 
tionation. " 


A modern refining plant is a rather compllcatod se'jrles of 
stills, condensers, filters and tanks, bxit the princl.ftlcs involved 
are fairly simple. The two imx^ortant units are a fuxnince for con- 
verting the crude petroleum into crude vapor, and a fractionation 
tower where the vapors cool and settle in dlffei-ent soctlons accotd- 
Ing to their volatility, inside of the tower la a series of "bubble 
trays." The rising vapors are forced to pass througli bijbblc caps in 
each tray and in doing so, bubble througli the litruid accun:ulatud in 
the tray. A diagram of the bubble trays is siiown in Pip;. ,L . In pass- 
ing through tlie litiuid in this 
manner, the vapoina a,xn* stid.pped of 
any entrained lit|uid nn,d the heav- 
ier vapors are condensed. The more 
volatile po lotions pass up to the 
next higher, and cooler, tray. 
The liquid flows throvis;h the pipes 

f , to the next lower and hotter 
ray. Thus n continuous re-dist il- 
lation takes place anti accurate 
fractionation obtained. The vapors 
are led from the fractionating 
towei^ at various pednts to con- 
densers and purifyln/': units, and 
thenc e to s t o.X'* ag e t ; ii i k r; . 


It should be borne in mind that the preceding (ioscriptlon is 
greatly simplified and by no means covers the entire details of the 
process. 

TYPES AM) REQTJIMENTS OF GASOLINE 

There are three main -type s' of gasoline, classified according to 
the method of manufacture. As a rule, two or more of these types are 
blended before the product is put on the market , 

Straight Run Gasoline - This type of gaeoline is obtained by the 
fractionation prooess previously described. This process makes it 
possible to separate the light and highly volatile gasoline from 
that which is less volatile. After separation, the light and heavy 
are blended in varying percentages to produce fuels which will meet 
certain requirements and specifications. 

Approximately 65^ of all gasoline used is of th6 straight-run 
type. It is considered the most satisfactory for aviation and other 
internal combustion engines. 

Cracked Gasoline - There Is, of course, a limit to the amoxmt of 
gasoline which can be produced from a given quantity of crude petro- 
leum by fractionation. In order to obtain more, the "oraoking” pro- 
cess was developed. 
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This process consists in general, of subjecting some of the 
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heavier products of distillation to high temperature and high pres- 
sure at the same time, thus "cracking'' the heavier molecules into 
lighter and more volatile fractions. The oil most commonly used in 
this process is Gas Oil, which is the next heavier distillate after 

kerosene - 

Cracked gasolines contain a comparatively high, amo-unt of xinsat- 
urated hydrocarbons which have a tendency to oxidize and form g’uma 
during storage. These elements must be removed by chemical treat- 
ment. On the other hand, gasoline of this type has better anti-knock 
properties than straight-run, and hence are frequently blended with 
the latter to obtain fuel of satisfactory low knocking quality. 

Natural Casoline - Gasoline which is made or extracted from nat- 
ural gas is called "natural" gasoline: It is obtained by the com- 
pression of rich gases which come from oil wells, or by the absorp- 
tion of lean gases from the same source. 

In the compression method, the gas is compressed, which causes 
a rise in temperature. The hot vapor is then cooled, which causes it 
to condense into a liquid. In the absorption method, the gas is 
forced into a refined petroleum oil which contains no gasoline. The 
gas is absorbed by the oil, which is then distilled by the use of 
steam. 


Natural gasoline is very light or volatile and is used for 
blending with heavier types to Improve their properties with respect 
to starting the engine. 

RKO NIRTilM PINTS OK AVIATION GASOLINE 

^'TliereHire three main considerations involved in the testing of 
gasoline: volatility, purity, and knock rating. 

Volatility - Volatility is measured by a distillation test. A 
glass flask equipped with a tube for leading off the vapor and a 
thermometer, the bulk of which is above the level of the liquid. Is 
used for this test. In the standard procedure, 100 c.c. of the gaso- 
line Is put in the flask, which is then heated at a specified -uni- 
form rate. The tube which leads off the vapors passes through abox 
of ice, CO that the vapors are condensed and fall into a container. 
The heat is so regulated that the first drop falls from the tube 
within five to ten minutes. The temperature at this time is called, 
the initial boiling point. The heat is then regulated so that four 
to five c.c'. ^dr"TB.e gaJoIlne are condensed every minute until 90^ 
has been distilled. It is then increased so that the end point is 
reached within five minutes. The end point is the maximum tempera- 
ture indicated by the thermometer during the test, and when it has 
been reached, the temperature will begin to drop. The source of heat 
is removed and the bottom of the flask will be found to be dry or 
with perhaps a small residue remaining. 

If the gasoline has good properties with respect to starting 
the engine, about 10^ should be distilled at a temperature of about 
149^ F# For proper vaporization and distribution, 90^ should be dis- 
tilled at approximately 284° P. The temperature at which 50^ hae 
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been distilled should be the average between the 10^^ and 90% temper- 
atures just mentioned* The residue should be not more than 2^. 

While high volatility is desirable for easy starting, good dis- 
tribution, low crankcase dilution, and high octane rating, it must 
not vaporize so easily as to "boil” in the fuel lines « This condi- 
tion may cause a "vapor lock" with consequent engine failure. An in- 
itial boiling point below 95^ or a distillation loss of more than 
3% is likely to indicate danger in this i^espect. 

Purity - Gasoline is usually tested for corrosive properties, 
for gxm content, for acidity, and for sulphur content. 

The corrosion and gxom tests are made at the same time, by pour- 
ing the gasoline into a highly polished copper dish and evaporating 
the liquid completely In a steam bath. There must be no evidence of 
black or gray corrosion on the dish and the amount of gum must be 
less than 3 milligrams per 100 c.c, of gasoline. 

The acidity is tested by using the residue from the distilla- 
tion test, mixed with three times as much distilled water and thor- 
oughly shaken up. The aqueous layer is removed and tested with one 
drop of methyl orange* No pink or red color should show. 

The sulphur test is conducted by burning the fxael, collecting 
the products of combustion and passing them through a solution of 
sodium carbonate. The decrease in the alkalinity of the solxrbion in- 
dicates the amount of sulphur in the gasoline. The sxrlpiair content 
should not exceed O.lOji, since sulphur tends to form sludge in the 
crankcase and to cause corrosion of bearing surfaces. 

Antiknock Rating - This quality is commonly peferiwi to as "oc- 
tane rating . " The basic method of determining octane rating has been 
previously discussed in Chapter 1. The octane rating required varies 
with the engine in which the fuel is to be used, whereas the speci- 
fications with respect to volatility and purity are more definite 
for all aircraft engines. 

REQUIRMENTS ANp SPECIFICATIONS FOR LIJBRICATING OIL 

JfeTong tEe heavier products of f raEtTonatTon are lub ricatiiag 
distillate and cylinder stock . These two are further refined md 
mixed in "varying proportions to obtain the desired characteristics 
of gravity, viscosity, flash point, etc,, discussed below. 

Gravity - The gravity of liquid petroleum px'oduots is measured 
by means of ^the A,P.I. (American Petroleum Institute) hydrometer, 
which has superseded the Batmie hydrometer formerly used. This instru- 
ment is the same in general design as th^ hydrometer used for test- 
ing batteries, described in the chapter devoted to Ignition, The 
scale, however, Is different. The A.P.I. gravity of water la 10<^, 
Oil and other liquids which are lighter than water give higher val- 
ues, heavier liquids give lower values. in the back of this book 
will be found a conversion table giving the specific gravity and 
weight per gallon corresponding to various A.P.I, gravities. 

Plash and Fire Point - The flash point of oil is the lowest tern- 
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perature at which the vapors produced hy heating a sample will ig-. 
nite without setting fire to the oil itself® The rate of heating 
must not he greater than 30^ F. per minute at first, and must be be- 
tween 11*^ F« and 9^ P« per minute for the last 60^ F. before the 
flash point is reached® The. oil is heated in an open cup, the tem- 
perature of the liquid being Indicated continuously by a thermome- 
ter® When the vapor can be ignited by passing a small flame over the 
cup, the temperature is noted® This is the flash point® It varies 
with the grade but noimally lies between 425^ P® and 500^ P. The 
fire point is the lowest temperature at which the oil itself will 
Ignite from the burning vapor. 

Viscosity - The viscosity of an oil is one of the characteris- 
tics wli£ cb. d e t e rmine how readily it will flow or circulate. The in- 
strument used to measure viscosity is the Saybolt Universal viscosi- 
meter* With this device, the determinations are made at either 100® 
F® or 210® F. 

The oil is heated in a bath similar to a double boiler, th© 
bottom of the inner container which carries the oil being provided 
with an outlet tube of a definite size. When the oil has reached the 
proper temperature, the tube is opened and the oil allowed to drain 
into a graduated receptacle. By means of a stop watch, the number 
of seconds required for 60 c.c. of oil to flow into the receptacle 
is measured. This number is the Saybolt Viscosity Number, and is or- 
dinarily used to indicate the grade when the test has been made at 
210® F. in the case of aviation oil. Thus, an oil of G-rade 77 would 
fill a 60 c.c, container in 77 seconds if heated to 210® F. The 
grades of aviation engine oils usually run from 77 to 140, depending 
on the climate and the type of engine. Hot weather, or engines which 
run at high temperatures, call for a higher number. 

S.A.E. Viscosity numbers are sometimes used instead of the Say- 
bolt. A table showing the S.A.E. numbers with the corresponding Say- 
bolt numbers will be found with the other tables in the back of this 
book® 


Pour-point - The pour-point of oil is the lowest temperature at 
which It will flow without being stirred or otherwise disturbed. The 
pour-point is an indication of the suitability of oil for cold 
weather use® The test is conducted by placing a small jar, contain- 
ing the oil to be tested, in some sort of refrigerator or cooling 
medi\am. As the temperature of the oil, checked by a thermometer, is 
lowered, an effort is made to pour it at each five-degree drop. Th© 
highest temperature at which the oil shows no movement when the jar 
is held horizontal for five seconds is the pour-point. 

The pour-point of oil naturally varies with the grade. For 
Grade 77, it is 0® P. and for Grade 140, 30® p. 

Carbonization - If oil leaves a heavy carbon deposit when burn- 
ed, it is obviously not suitable for use in internal combustion en- 
gines . 


The carbonizing tendency may be determined to some extent by 
allowing drops of oil to fall on an inclined steel rod, the lower 
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end of which is heated by a Biinsen burner. As tho oil runs down the 
hot rod, the effect of different temperatures may be observed. xt 
should be noted that this test is useful chiefly for comparative 
purposes. 

General - The oil must bo free from acid, and shoxilu be reason- 
ably transparent in a layer about one inch thick. It should maintain 
its viscosity under heat, so that the viscosity when cold need not 
be so high as to prevent proper circulation. 

It has been found that good oil never ’^wears o\it*', and hence 
becomes unfit for use only when diluted with unburned fuel or when 
it carries carbon, dirt or water in suspension. It may then be re- 
claimed by a process of filtering and redistillatlon. ' After this 
treatment it is not only as safe to us© as new oil, but is consider- 
ed by many to be superior. 


CHAPTER 19 
TABLES 


The following tables, formulas and charts are presented here 
so that they may serve as ready reference material for the aircraft 
engine mechanic • 

MEAStJRE OP LENGTH - 
English 

1 Mile = 1760 yards = 5280 feet 
1 Yard r 3 feet = 36 inches 
1 ;^oot = 12 inches 
1 Mil = .001 inch 
1 Fathom = 2 yards = 6 feet 
1 Rod = 5.6 yards =* 16.5 feet 
1 Hand = 4 inches 
1 Span = 9 inches 

Nautical Measure 

1 League = 3 nautical miles 

1 Nautical Mile (Knot) = 6080.26 feet = 1.1516 statute mile 

One degree at the equator = 60 nautical miles 

360 degrees = 21,600 knots « 24,874.5 statute miles 

Metric 

I Millimeter (ram.) = 0.03937079 inch, or about l/25th inch 
10 Millimeters = 1 Centimeter (cm.) « 0.3937079 inch 
10 Centimeters = 1 Decimeter (dm.) = 3.937079 inches 
10 Decimeters = 1 Meter (m.) = 39.37079", 3.280*, or 1.0936 yds. 
10 Meters = 1 Decameter (Dm.) = 32.808992 feet 
10 Decameters = 1 Hectometer (Hm.) « 19.927817 rods 
10 Hectometers = 1 Kilometer (Km.) = 1093.61 yds. or .62138 mile 
10 Kilometers » 1 Myriameter (Mm.) « 6.213824 miles 
1 Inch « 2.54 cm., 1 foot = .3048 m., 1 yard = .9144 m., 1 rod® 
.5029 Dm., 1 mile = 1.6093 Km. 

MEASURE OP WEIGHT 
Avoirdupois 

1 Ounce = 16 drams = 437.5 grains 
1 Pound » 16 ounces » 7000 grains 
1 Ton » 2000 pounds 
1 Long Ton = 2240 pounds 

Metric 

TGrarame (g.) « .03527398 oz. avoir. 

10 Grammes = 1 Decagramme (Dg.) « .3527398 oz. avoir. 

10 Decagrammes = 1 Hectogramme (Hg.) = 3.527398 oz. avoir. 

10 Hectogrammes = 1 Kilogramme (Kg.) = 2.20462125 lbs. 

1000 Kilogrammes = 1 Tonne (T.) = 2204.62125 lbs., or 1.1023 
tons of 2000 lbs, 

1 Grain « 0.0648 g., 1 oz. avoir = 28.35 g., 1 lb. « 

1 ton 2000 lbs. = 0.9072 T. 


.4536 Kg. 
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MEASURE OP CAPACITY 
English 

ILlquid ounce r 8 Drains 
1 Pint = 16 Ounces or* 4 Gills 
1 Quart = 2 pints 
1 Gallon = 4 Quarts 
1 Gallon = 231 Cu. In. 

1 Cubic Foot K 7.4805 Gallons 

Metri c 

1 Liter (1.) 1 cubic decimeter - G1.02705Ih cu.iru ox* .03531 

cu.ft., or 1.0667 liquid qts., or .26417 Amor. g^l. 

10 Liters = 1 Decaliter (Dl.) « 2.6417 gallon:? 

10 Decaliters = 1 Hectoliter (HI.) - 2.8575 bu. 

10 Hectoliters = 1 Kiloliter (Kl.) = 61027.0515 cu.ln. 

1 Cu.ft. = 28.317 1., 1 Amer. gal. = 5.785 1. 


AREAS 

Squares 

144 Sq. Inches = 1 Square foot 
9 Sq . Pt . = 1 Sq. Yard 
43,560 Sq. Ft. = 1 Acre 
640 Acres = 1 Sq. Mile 

The area of a square » A side multiplied by n side 
A side X 1.4142 = diameter of its circumscribing circle 
A side X 4.443 r circumference of its circumscribl ng circle 
A side X 1.128 » diameter of an equal circle 
A side X 3.547 clrcumfe renew of an equal circle 

Square inches x 1.273 = circle Inches of an equal circle 

Circles and Spheres 

The area or a circle = 3,1416 x radius squared 

= .7854 X diameter squared 
= .07958 X circumference squared 
» circumference x l/4 diameter 
1 Circular inch = .7854 sq. in. 

The area of a sphere = 3.1416 x Diameter squared 

OTHER INFORMATION PERTAINING TO CIRCLES 

Circumference = 3,1416 x Diameter 
Circumference = 6.283185 x Radius 
Diameter a: .31831 x Circ-umf erence 
Radius « l/2 Diameter 
Radius = .159156 x Circumference 
Radius = .56419 x Square root of area 

To find the diameter of a circle equal in area to a given 
square, multiply a side of the square by 1.12858 
To find the side of a square equal in area to a given circle, 
multiply the diameter by .8862 
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VOLUMES 


The voltoae of a cube = Length x Width x Height 
The volnme of a sphere = ,5236 x Diameter cubed 
1 Cubic foot = 1728 cubic inches 
1 Board foot « 144 Cubic inches 


WEIGHTS OP SUBSTANCES 
Liquids 

Water per gallon « 8 ,336 lbs. (at 39^ P. ) 
Oil per gallon » approximately 7,5 lbs. 
Gasoline per gallon » approximately 6 lbs. 


Solids (Per aq. ft., l/8 in. thick) 
Aluminum (2-SO) = 

Balsa « 

Chrome Molybdenum Steel = 

Cork = 

Duralumin (17 ST) = 

Lead « 

Mild Carbon Steel = 

Plywood (Birch) » 

Pyralin « 

Spruce (per board foot) = 


Approximately 
1.81 lbs. 

.073 lbs. 
6.222 lbs. 

.104 lbs. 
1.80 lbs. 
7.40 lbs. 
5.166 lbs. 
.416 lbs. 
.90 lbs, 
2.25 lbs. 


CHART 

FOR SELECTING 

WRENCH OPENINGS 

Wrench Opening 

S • A « E * Bolt s 

Amer. Std. 

Amer. Std. 

in Inches 

& Nuts 

Nuts 

Bolts 

5/32 


0 & 1 


3/16 


2 & 3 


1/4 


4 


5/16 


5 & 6 


11/32 


8 


3/8 


10 


7/l6 

1/4 

12 & 1/4 

1/4 

1/2 

5/16 


5/16 

9/16 

3/8 

5/16 

3/8 

5/8 

7/16 

3/8 

7/16 

3/4 

1/2 

7/16 

1/2 

13/16 


1/2 

9/16 

7/8 

9/16 

9/16 

5/8 

15/16 

5/8 

5/8 


1" 

iiAe 


3/4 

1-1/16 

3/4 



1-1/8 


3/4 

7/8 

1-1/4 

7/8 



1-5/16 


7/8 

1" 

1-7/16 

1” 



1-1/2 


1" 

1 - 1/8 

1-5/8 

1-1/8 



1-11/16 


lrl/8 

1 - 1/4 

1-13/16 

1-1/4 



1-7/8 


1 - 1/4 


2” 

1 - 3/8 
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CONVERSION TABLES 


Degrees Fahrenheit to Degrees Centigrade 


p 

C 

F 

c 

F 

C 

P 

G 

F 

C 

-40 

-40.00 

+30 

- 1.11 

80 

26.67 

250 

121.11 

500 

260.11 

-30 

-34.44 

35 

+ 1.67 

85 

29.44 

275 

135.00 

525 

273.89 

-20 

-28.89 

40 

+ 4.44 

90 

32.22 

300 

148.89 

560 

287.78 

-10 

-23.33 

45 

7.22 

95 

35.00 

325 

162 . 78 

575 

301.67 

0 

-17.78 

50 

10.00 

100 

37.78 

350 

176.67 

600 

315.66 

+ 5 

-15.00 

55 

12.78 

125 

51.67 

375 

190.65 

660 

343.33 

+10 

-12.22 

60 

15.56 

150 

65.56 

400 

204.44 

700 

371.11 

+15 

- 9.44 

65 

18.33 

175 

79.44 

425 

218.33 

7S0 

398.89 

+20 

- 6.67 

70 

21.11 

200 

93.33 

450 

232.22 

800 

426.67 

+25 

- 3.89 

75 

23.89 

225 

107.22 

475 

246.11 

850 

454.44 

Centigrade - 

5/9 {P.-32) 

Fahrenheit ■ 9/5 C- + 

32 



Metric Conversion Table 


Millimeters x .03957 « Inches 

Inches x 25.400 = Millimeters 

Meters x 3.2809 * Feet 

Feet X .3048 - Meters 

Kilometers x .621577 « Miles 

Miles X 1.6093 = Kilometers 

Square centimeters x .16500 - Square inches 

Square inches x 6.4515 « Square centimeters 

Square meters x 10.76410 - Square .feet 

Square feet x .09290 ■ Square meters 

Square kilometers x 247.1098 = Acres 

Acres x .00405 = Square kilometers 

Cubic centimeters x .061025 = Cubic Inches 

Cubic inches x 16.3866 = Cubic centimeters 

Cubic meters x 35.3156 = Cubic feet 

Cubic feet x .02832 « Cubic meters 

Cubic meters x 1.308 * Cubic yards 

Cubic yards .765 « Cubic meters 

Liters 61.023 Cubic Inches 

Cubic Inches x .01639 c Liters 

Liters .26418 - U. S. gallons 

U. S. Gallons x 3.7854 = Liters 

Gurams x .03527 a Oz. avoirdupois 

Oxmces avoirdupois x 28,3495 » Grams 

Kilograms 2.2046 s Pounds 

Pounds .4636 « Kilograms 

Kilog^s per sq. centimeter, x 14.2231 ■ Lbs .per sq. in. 

Lbs. per sq. in .0703 « Kilog»s par sq. cm. 

Metric tons (1,000 kilog*3) x 1.1023 a Tons (2,000 lbs.) 

Tons (2,000 lbs.) .9072 » Metric tons 

Kilowatts 1.3405 s Horsepower 

Horsepower . x .746 « Kilowatts 

Calories 3,9683 « B* T* units 

B- T. Units .2620 « Calories 
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Decimal and Millimeter Equivalents 
of Fractional Parts of an Inch 


Inches 

Inches 

mm 

Inches 

Inches 

mm 

1/32 

1/64 

.01663 

.03125 

.397 

.794 

17/32 

33/64 

.51563 

.53125 

13 .097 
13.494 

1/16 

3/64 

.04688 

.0625 

1.191 

1.587 

9/16 

35/64 

.54688 

.5625 

13.890 

14.287 

3/32 

5/64 

.07813 

.09375 

1.984 

2.381 

19/32 

37/64 

.57813 

.59375 

14.684 

15.081 

1/8 

7/64 

.10938 

.125 

2.778 

3.175 

5/8 

39/64 

.60938 

.625 

15.478 

15,875 

5/32 

9/64 

.14063 

.15625 

3.572 

3.969 

21/32 

41/64 

.64063 

.65625 

16.272 

16.669 

3/16 

11/64 

.17188 

.1875 

4.366 

4.762 

11/16 

43/64 

.67188 

.6875 

17.065 

17.462 

7/32 

13/64 

.20313 

.21875 

5,159 

5.556 

23/32 

45/64 

.70313 

.71875 

17.859 

18,256 

1/4 

15/64 

.23458 

.25 

5,953 

6.350 

3/4 

47/64 

.73438 

.75 

1 : 

18.653 

19.050 

9/32 

17/64 

.26563 

.28125 

6,747 

7.144 

25/32 

49/64 

1 .76563 

.78125 

19.447 

19.844 

5/16 

19/64 

.29688 

.3125 

7,541 

7.937 

13/16 

51/64 

.79688 

.8125 

20.240 

20.637 

11/32 

21/64 

.32813 

.34375 

8.334 

8.731 

27/32 

53/64 

.82813 

.84375 

21.034 

21.431 

3/8 

23/64 

.35938 

,375 

9.128 

9.525 

7/8 

55/64 

.85938 

.875 

21.828 

22.225 

13/32 

25/64 

.39063 

.40625 

9.922 

10.319 

29/32 

57/64 

.89063 

.90625 

22.622 

23.019 

7/16 

27/64 

.42188 

.4375 

10.716 

11.113 

15/16 

59/64 

.92188 

.9375 

23.415 

23.812 

15/32 

29/64 

.45313 

.46875 

11.509 

11.906 

31/32 

61/64 

.95313 

.96875 

24.209 

24.606 

1/2 

31/64 

.48438 

.5 

12.303 

12.700 

1 

63/64 

.98438 
1 .00000 

25.003 

25.400 





Decimal Inch Equivalent a of 
Millimeters and Fractions of Millimeters 


mm 

Inch 

mtn 

Inch 

mm 

Inch 

mm 

Inci 


1/100 ■ 

.00059 

33/lCX) X .01299 

64/100 . 

. .02520 

95/100 

.03740 

2/100 

.00079 

34/100 

.01339 

65/100 

.02659 

90/100 

.ci;r.78o 

3/100 

.00118 

35/100 

.01378 

66/100 

.02698 

97/100 

.03$19 

4/100 

.00157 

36/100 

.01417 

67/100 

.02638 

98/100 

.03858 

5/100 

.00197 

37/100 

.01457 

68/100 

.02677 

99/100 

.03$98 

6/100 

.00236 

38/100 

.01496 

69/100 

.02717 

1 

.05937 

7/100 

.00276 

39/100 

.01535 

70/100 

.02756 

*,) 

.07$74 

8/100 

.00315 

40/100 

.01575 

71/100 

.02795 

3 

.llljll 

9/100 

.00354 

41/100 

.01614 

72/100 

.02835 

4 

.15748 

10/100 

.00394 

42/100 

.01654 

73/100 

.02874 

5 

.19685 

11/100 

.00433 

43/100 

.01693 

74/100 

.02913 

t] 

.236 

92 

12/100 

.00472 

44/100 

.01732 

75/100 

.02953 

7 

.27559 

13/100 

.00512 

45/100 

.01772 

76/100 

.02992 

B 

.31496 

14/100 

.00551 

46/100 

.01811 

77/100 

.03032 

9 

.35433 

15/100 

.00591 

47/100 

.01850 

78/100 

.03071 

10 

.395\'0 

16/100 

,00630 

48/100 

.01890 

79/100 

.03110 

n 

.43307 

17/100 

.00669 

49/100 

.01929 

80/100 

.03150 

12; 

.47244 

18/100 

.00709 

50/100 

.01969 

81/100 

.03189 

13 

.311,81 

19/100 

.00748 

51/100 

.02008 

82/100 

.03228 

14 

.56118 

20/100 

.00787 

52/100 

.02047 

83/100 

.03268 

15 

.59055 

21/100 

.00827 

53/100 

.02087 

84/100 

.03307 

16 

.62992 

22/100 

.00866 

54/100 

.02116 

85/100 

.03346 

17 

.(569 

29 

23/100 

.00906 

55/100 

.02165 

86/100 

.03386 

18 

.70866 

24/100 

.00945 

56/100 

.02205 

87/100 

.03425 

19 

.74803 

j 

25/100 

.00984 

57/100 

.02244 

88/100 

.03465 

20 

.78740 

26/100 

.01024 

58/100 

.02283 

89/100 

.03504 

21 

.8S!«77 

27/100 

.01063 

59/100 

,■02323 

90/100 

.03543 

22 

.f»66l4 

28/100 

.01102 

60/100 

.02362 

91/100 

.03583 

23 

.9<!!3 


29/100 

.01142 

61/100 

.02402 

92/100 

.03622 

24 

.944te 

30/100 

.01181 

62/100 

.02441 

93/100 

.03661 

25 

.984 

25 

31/100 

32/100 

.01220 

.01260 

63/100 

.02480 

94/100 

.03701 

26 

1.023 

1 

62 
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Letter Sizes of Drills 


Diameter 

Inches 

Decimals 
of 1 In. 

Diameter 

Inches 

Decimals 
of 1 In. 

A 15/64 

.234 

N 

.302 

B 

.238 

0 5/16 

.316 

C 

.242 

P 21/64 

.323 

D 

.246 

Q 

.332 

E 1/4 

.250 

R 11/32 

.339 

P 

.257 

S 

.348 

G 

.261 

T 23/64 

.358 

H 17/64 

.266 

U 

.368 

I 

.272 

V 3/8 

.377 

J 

.277 

W 25/64 

.386 

K 9/32 

.281 

X 

.397 

L 

.290 

Y 13/32 

.404 

M 19/64 

.295 

Z 

.413 


Decimal Equivalent of the numbers 
of Tavist Drill and Steel Wire Gage 


No, 

Size of 
No. in 
Decimals 

No, 

Size of 
No. in 
Decimals 

No. 

Size of 
No. in 
Decimals 

NO. 

Size of 
No. in 
Decimals 

No. 

Size of 
No. in 
Decimals 

1 

.2280 

17 

.1730 

33 

.1130 

49 

.0730 

65 

.0350 

2 

.2210 

18 

.1695 

34 

.1110 

50 

.0700 

66 

.0330 

3 

.2130 

19 

.1660 

35 

.1100 

51 

.0670 

67 

.0320 

4 

.2090 

20 

.1610 

36 

.1065 

52 

.0635 

68 

.0310 

5 

.2055 

21 

.1590 

37 

.1040 

53 

.0595 

69 

.0292 

6 

.2040 

22 

.1570 

38 

.1015 

54 

.0550 

70 

.0280 

7 

.2010 

23 

.1540 

39 

.0995 

55 

.0520 

71 

.0260 


.1990 

24 

.1520 

40 

.0980 

56 

.0465 

72 

.0250 


.1960 

25 

'.1495 

41 

.0960 

57 

.0430 

73 

.0240 


.1935 

26 

.1470 

42 

.0935 

58 

.0420 

74 

.0225 

■n 

.1910 

27 

.1440 

43 

.0890 

59 

.0410 

75 

.0210 

12 

.1890 

28 

.1405 

44 

.0860 

60 

.0400 

76 

.0200 

13 

.1850 

29 

.1360 

45 

.0820 

61 

.0390 

77 

.0180 

14 

.1820 

30 

.1285 

46 

.0810 

62 

.0380 

78 

.0160 

15 

.1800 

31 

.1200 

47 

.0785 

63 

.0370 

79 

.0145 

16 

.1770 

32 

.1160 

48 

.0760 

64 

.0360 

80 

.0135 
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Different Standards for Wire Gages in use 
in the United States 

Dimensions of Sizes in Decimal Parts of an Inch 


New 


Ntmiber 

of 

Wire 

Gage 

Ameri- 
can, or 
Brown & 
Sharpe 

Birm- 

ingham, 

or 

Stubs » 
Iron 
Wire 

Wash- 
bum Sc 
Moen, 
Wor- 
cester, 
Mass . 

W.Sc M. 
Steel 
Music 
Wire 

Amer- 

ican 

S &: W 
Co. *s 
Music 
Wire 
Gage 

Im- 

perial 

Wire 

Gage 

Stubs * 
Steel 
Wire 

U.S. 

Standard 

Gage 

for 

Sheet and 
Plata Iron 
and Steel 

0000 

.460 

.454 

.594 

.011 

.006 

.400 


.406 

000 

.409 

.426 

.362 

.012 

.007 

.372 


.375 

00 

.365 

.380 

.331 

.013 

.008 

.348 


.344 

0 

.325 

.340 

.306 

.014 

.009 

.324 


.312 

1 

.290 

.300 

.283 

.015 

.010 

.300 

.227 

.281 

2 

.257 

.284 

.262 

.017 

.011 

.276 

.219 

.266 

6 

.229 

.259 

.244 

.017 

.012 

.252 

.212 

.250 

4 

.204 

.238 

.226 

.018 

.013 

.232 

.207 

.234 

5 

.182 

.220 

.207 

.020 

.014 

.212 

.204 

.218 

6 

.162 

.203 

.192 

.021 

.016 

.192 

.201 

,203 

7 

.144 

.180 

.177 

.023 

.018 

.176 

.199 

.187 

8 

.128 

.165 

.162 

.024 

.020 

.160 

.197 

.172 

9 

.114 

.148 

.148 

.025 

.022 

.144 

.194 

.156 

10 

.101 

.134 

,135 

.027 

.024 

.128 

.191 

.041 

11 

.090 

.120 

.120 

.028 

.026 

.116 

.118 

.126 

12 

.080 

.109 

.105 

.029 

.029 

.104 

.185 

.109 

13 

.071 

.095 

.091 

.031 

.031 

.092 

.182 

.093 

14 

.064 

.083 

.080 

.032 

.033 

.080 

.180 

,078 

16 

.057 

.072 

.072 

.034 

.055 

.072 

.178 

.070 

16 

.050 

.065 

.062 

.056 

.037 

.064 

.175 

.062 

17 

.045 

.058 

.054 

.037 

.039 

.056 

.172 

.056 

18 

.040 

.049 

.047 

.039 

.041 

.048 

.168 

.050 

19 

.035 

.042 

.041 

.041 

.043 

.040 

.164 

.044 

20 

.032 

.055 

.034 

.043 

.045 

.036 

.161 

,037 

21 

.028 

.052 

.051 

.046 

.047 

.032 

.167 

.034 

22 

.025 

.028 

.028 

.048 

.049 

,028 

.155 

.051 

23 

.022 

.025 

,026 

.051 

.051 

.024 

.153 

.028 

24 

.020 

.022 

.023 

.056 

,055 

.022 

.051 

.026 

25 

.017 

.020 

.020 

.058 

.059 

.020 

.148 

.021 

26 

.015 

.018 

.018 

.062 

.065 

.018 

.146 

,018 

27 

.014 

.016 

.017 

,065 

.067 

.016 

.145 

.017 

28 

.012 

.014 

.016 

.072 

,071 

.014 

.139 

.015 

29 

.011 

.013 

.015 

.076 

.075 

,013 

,134 

.014 

30 

.010 

.012 

.014 

.080 

.080 

.012 

.127 

.012 
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American National Coarse and Pine 
Thread Dimensions and Tap Drill Sizes 



p = pitch «x ± 

No. of threads per in. 

n = Number of threads per inch 


d = depth = pitch x .649519 or — 
f = flat = 


Nomina 

Outside 

Pitch 

Root 


Decimal 

Size 

Diameter 

Inches 

Diameter 

Inches 

Diameter 
Inche s 

Tap Dril 

Equivalent 

of 

Tap Drill 

^^0-80 

.0600 

.0519 

• 0438 

3/6T 

.0469 

^M-64 

.0730 

.0629 

.0527 

53 

.0595 

72 

.0730 

.0640 

.0550 

53 

.0595 

^^2-56 

.0860 

.0744 

.0628 

50 

.0700 

64 

.0860 

.0759 

.0657 

50 

.0700 

•Ji-3-48 

.0990 

.0355 

.0719 

47 

.0785 

56 

.0990 

.0874 

.0758 

45 

.0820 

•J^4-40 

.1120 

.0958 

.0795 

43 

.0890 

48 

.1120 

.0985 

.0849 

42 

.0935 

*5-40 

.1250 

.1088 

.0925 

38 

.1015 

44 

.1250 

.1102 

.0955 

37 

.1040 

*6-52 

.1380 

.1177 

.0974 

36 

.1065 

40 

.1380 

.1218 

.1056 

33 

.1130 

*8-32 

.1640 

.1437 

.1234 

29 

.1360 

36 

.1640 

.1460 

.1279 

29 

.1360 

*10-24 

.1900 

.1629 

.1359 

25 

.1495 

32 

.1900 

.1697 

.1494 

21 

.1590 

*12-24 

.2160 

.1889 

.1619 

16 

.1770 

28 

.2160 

.1928 

.1696 

14 

.1820 

1/4-20 

.2500 

.2175 

.1850 

7 

.2010 

28 

.2500 

.2268 

.2036 

3 

.2130 

5/16-18 

.3125 

.2764 

.2403- 

P 

.2570 

24 

.3125 

.2854 

.2584 

I 

.2720 

3/8-16 

.3750 

.3344 

.2938 

5/16 

.3125 

24 

.3750 

.3479 

.3209 

Q 

.3320 

7/16-14 

.4375 

.3911 

.3447 

V 

.3680 

20 

.4375 

.4050 

.3726 

25/64 

.3906 

1/2-13 

.5000 

.4501 

.4001 

27/64 

.4219 

20 

.5000 

.4675 

.4351 

29/64 

.4531 

9/16-12 

.5625 

.5084 

.4542 

31/64 

.4844 

18 

.5625 

.5264 

.4903 

33/64 

.5156 

5/8-11 

.6260 

.5660 

.5069 

17/32 

.5312 

18 

.6250 

.5889 

-5528 

37/64 

.5781 

3/4-10 

.7500 

.6850 

.6201 

21/32 

.6562 

16 

.7500 

.7094 

.6688 

11/16 

.6875 

7/8- 9 

.8750 

.8029 

.7307 

49/64 

.7656 

14 

.8750 

.8286 

.7822 

13/16 

.8125 

1- 8 

.0000 

.9188 

.8376 

7/8 

.8750 

14 

1.0000 

.9536 

.9072 

15/16 

.9375 

American 

National Standard Wood 

Screw Body Diameter 

Si 
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AIRCRAFT ENQINE MAINTENAKCR 


Crankcase Lubricating;- Oil Viccocity Mxanber.n 


S.A.E. 

Viscosity 

Number 

Viscosity Range Snybolt Uttlvai'sal, sec. 

At 130 Deg. Fnhr. 

At 

210 Deg. Falir. 


Min. 

USX. 

Min. 

Mux . 

10 

90 

Less than 120 

• • * 


20 

120 

II It 135 

« « * 


30 

185 

" " 25b 

. . . 


40 

255 


• • • 

Lo.-.a than 7b 

50 

. « . 


75 i 

" " 105 

60 



lOb 

" " 125 

70 

« « « 


31^5 

'' " 150 


Gravity and Weight per Gallon Equivalent a 


A.P.I. 

Gravity 

Specific Gravity 

600 • 



Foiuui s 

Per Gal . 

10 

1.000 

B.32B 

15 

.9659 

8.044 

20 

.9340 

V.77B 

25 

.9042 

7.529 

30 

.8762 

7.296 

35 

.8498 

7.070 

40 

.8251 

0.870 

45 

.8017 

0.675 

50 

.7796 

6.490 

55 

.7587 

6 . 3 16 

60 

.7389 

6.151 

65 

.7201 

5.994 

70 

.7022 

5.845 

75 

.6852 

5.703 





CHAPTER 20 
ENGINE SPECIFICATIONS 


The followiiig Information is presented to provide a quick and 
easy reference to comparative engine specifications. The material 
found in this chapter has been furnished by the various engine manu- 
facturers listed below, and has been reprinted virtually as received. 
It is for this reason that all of the information la not expressed 
in the same units. For example the fuel consumption of some engines 
is expressed in pounds per horsepower per hour, while in other cases 
it is expressed in gallons per hour, at cruising speed. 

The ignition timing is given in degrees of crankshaft rotation 
before top dead center. Where two different timings are given, the 
letter "L” stands for the left hand and the letter for the right 
hand magneto or distributor. In the case of the Allison engine, 
stands for the distributor which feeds the spark plugs which are lo- 
cated on the exhaust side of the cylinders and likewise ”1” Indicates 
the intake side. The ignition timing for the Continental A-50 engines 
having only single Ignition is 28^ B.T.C. 

The Intake and exhaust valve clearances given are the »*cold" or 
checking clearances. The timing clearances should be obtained from 
the specification tag attached to the engine or from the engine man- 
ual. 


The spark plugs recommended are not to be considered as the only 
type approved for the engine. Many manufacturers recommend several 
types of plugs for each engine model, the best being determined by 
performance. 

The weights given are for the engine dry (less liquid) and less 
optional equipment. 


The following engine manufacturers are represented here; 


Aeronautical Corporation of America (Aeronca), Cincinnati, Ohio. 
Allison Engineering Company, Indianapolis, Indiana. 

Continental Motors Corporation, Aircraft Engine Div., Detroit, Mich. 
Engineering & Research Corp., (Erco), Rlverdale, Maryland. 

Jacobs Aircraft Engine Co., pottstown. Pa. 

Kixinar Airplane & Motor Gorp., Glendale, California. 

Lenape Aircraft & Motors Corp., Matawan, N.J. 

Aviation Manufacturing Gorp., Lycoming Div., Williamsport, Pa. 
Menasco Mfg. Co,, Los Angeles, Cal. ^ 

The Pratt & Whitney Aircraft Co., E. Hartford, Conn. 

Ranger Engineering Corp., Parmingdale, N.Y. 

Warner Aircraft Corp., Detroit, Mich. 

Wright Aeronautical Corp., Patterson, H.J. 


Although every effort has been made to insure the accuracy of 
the information herein, the authors cannot be responsible for errors 
or changes which may occui?. 
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Engine 

Weight 
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Engine Model Type Cooling N'uniber of Rated B.H.P. Rated R.P.mJ Engine 

Cylinders (Sea Level) (Take-off) I Weight 
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INDEX 


Abrasive 5 12i 

Acceleration p Improper 430 

Acceleration systems 159,166,173 
Accessories, Fuel system 209 

A* C. Generators 240 

Adjustable propellers 338 

After-firing 145 

A* 0. Magnetos 251 

Air bleed 156 

Air heater 53 

Air injection starter 136 

Alcohol, as fuel 4 

Allen wrench 56 

Alternating current 224 

Aluminum tanks 188 

Aluminuni, Weight of 441 

Amperage 223 

Ampere 223 

Ampere hour 290 

Analyzer, Exhaust gas 328 

Annulus 219 

Anode 224 

Anti -knock compound 5 

Anti-knock rating 436 

Anti- vibration mounts 311 

A. P. I. 436 

Areas, Tables of 440 

Armatures 242 

Assembly 419 

Assembly of. 

Accessories 426 

Camshafts 420 

Pistons 420 

Rocker ams 419 

Valve mechanisms 419 

A*T.C# Requirements (Engines) 37 
Attaching fittings 198 

Baffles, Fuel tank 186 

Baffle plates. Air 76 

Balsa, weight 441 

Base -mounted magnetos 259 

Batteries, 224 

Checking 381 

Dry 234 

Storage 236 

Battery, 

Booster 283 

Care of 207 

Charging 289 

Ignition 285 

Installation 287 

Maintenance 886,888 

(Bottom dead oenter) 3, 6 
BoaringB d6 


Bending devices 

197 

Bending fuel lines 

193 

Bendlx magneto 

258 

B.G. Spark plugs 

291 

Blade, Propeller 

332 

Angle 

333 

Area 

10,333 

Back 

332 

pace 

332 

B.M.E.P. 

9 

Bolts 

56 

Bomb, Spark plug testing 295 

Booster magnetos. 


Built-in type 

297,301 

Coils 

281,283 

Coils, Eclipse 

306 

Connection on magneto 

254 

In starting 

135 

Boot for propeller 

135 

Bore 

3, 5 

Boss, Propeller 

332 

Boyle’s Law 

3 

Brake horsepower 

8 

Brake , Prony 

8 

Brass tanks 

186 

Breaker assembly. Checking 

and Adjusting 272-1 

3,279,280 

Bridge , Primary 

253 

Breeze starter 

299 

B.T.D. (British Thermal 

Unit ) 2 

Bubble trays 

434 

By-pass valves 

202 

cables. Electrical 

6,7,246 

Cables, Soldering 

247 

Calipers 

101 

Cam followers 

13 

Camshaft assembly 

420 

Camshaft removal 

406 

Camshafts 

13,16,26 

Capscrews 

66 

C .A*R. (Electrical) 

249 

Carbonization tests 

437 

Carburetors 

17,152 

Air heater 

53 

Chandler-Groves 

170 

Checking 

379 

Inspection 

166 

Overhaul 

166 

Principles 

166 

Temperature indicator 

321 

Cartridge starter 

299 

Cathode 

224 

Celia 

224 

Calls, Primary 

234 
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Changing oil 


129 

Cowling 

390 

Check, Engine 



Cracked gasoline 

434 

100 - Hour 


384 

Crankcases 

64,80 

Periodic 


377 

Crank pins 

13 

25 - Hour 


378 

C r ank sh af t s 3 , 1 4 , : ! 4 , 3 0 , 

64,71,79 

Checking breaker assembly 


272 

Crude oil 

433 

Checking valves 


423 

Cruising 

150 

Chemical coolant 


68 

Cuno oil filter 

1.0.6 

Charles » Law 


3 

Current 

224 

Chrome Moly steel. Weight 

of 

441 

Cur r en t 1 imi t n t o r 

301^ , 310 

Circles 


440 

Curtiss , 


Circuits 

222 

,224 

One-piece pro{M:;lle t' 

537 

Cleaning, 



Controllable p i‘ o p c* 1 1 r i r 

362 

Cylinders 


408 

Cutting tubing 

196 

Engine 


389 

Cylinder 3 , 13 , 14 , 

3b, 6 8, 77 

Pistons 


410 

Assembly 

420 

Power plant 


131 

Cleaning painting 

408 

Climb 


149 

Removal 

404 

Cocks, Fuel 


209 



Coffman starter 


209 

D.C. Generators 

241 

Coils, Battery ignition 


285 

Decimal e qi,il va le n t s 

443.444 

Booster 

281 

,305 

Deflector 

20 

Induction 


231 

Detonation 

• 5 

Cold weather starting 


139 

D* F. Magnetos 

254,255 

Collector ring 


50 

Diameter, Propeller 

10,333 

Colors for pipe lines 


197 

Dies, Taps and 

112 

Combustion 


2 

Diesel engines 

34 

Combustion chamber 

3, 

6,13 

Diffuser 

175 

Combustion starter 


136 

Direct currant 

225 

Commutators 

240 

,243 

Direct oleobxd.c Rt,a.rter 

137 

Compression fittings 


191 

Direct hand crank 

136 

Compression ratio 


6 

Disk, Propeller 

333 

Conductor (electrical) 


224 

Di s placement , Pi s t on 

9 

Connecting Ignition wires 


259 

Distillate 

34 

Connecting rod 3,13,25,; 

50,64,71 

Distributor 

253 

Connection, Electrical 


224 

Distributor, Battery 

285 

Constant speed propellers 



Dividers 

100 

Curtiss 


364 

Double magnetos 

254 

Hamilton Standard 


342 

Drains, Oil 

212 

CONSTRUCTION AND DETAIL 


36 

Drills 

109 

Contact breaker 


251 

Letter sizes of 

445 

Controllable pitch propellers 


Number sizes of 

445 

Curti s s 


362 

Dry sump 

23,212 

Hamilton Standard 


339 

Duralumin tanka 

189 

Lycoming 


357 

Duraliamln, Weight of 

441 

Control 



Dzus cowl fast an era 

392 

Handles 


61 



Mechanism 


59 

Economizer system, Garb. 

159 , 163 

Settings, Engine 


139 

Efficiency, Propeller 

333 

Conversion Table, Metric 


442 

Electric cables 

245 

Conversion Table, Temperature 

442 

Electric inertia starter 

137 

Cores, Spark plug 


292 

Electric tachometer 

315 

Cork, weight 


441 

Electrical circuits of mags. 251 

Cowl, Fastenings 


391 

Electrical equip. .Installing 246 

Pins 


392 

Electrical symbols 

226 

Repairs 


393 

Electrical terms 

224 

Studs 


391 

Electricity, Elementary 

221 


INDEX 
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Electricity, Dynamic 221 
Electricityj, Static 221 
Electricity, Types of 221 
Electrode 225 
Electrolyte 225,238,288 
Electromotive force 222,225 
End point 435 
Energizer, Eclipse external 302 
Energy 2 
Engine control settings 139 
Engine driven pumps 205 
Engine installation 388 
Engine mount check 383 
Engine mounts 385 
Engine timing 424 
Equivalents, Decimal and Mm, 443 
Etching propeller 373 
Ethyl 5 
Ethyl gasoline 125 
Exhaust gas analyzer 328 
Exhaust manifold removal 402 
Exhaust port 13 
Exhaust system 48 
Exhaust system check 383 
Exhaust system inspection 52 
Exhaust valve 13 
Expansion space. Oil 212 
External energizer 137,302 


Fractionation 


434 

Friction 


7 

Friction H.P. 


8 

FUEL AND OIL 


433 

Fuel consumption. 

Excessive 

431 

Fueling 


127 

Fuel injection 


35 

Fuel level gages 


324 

Fuel lines, Bending & fitting 193 

Fuel lines. Installation 

191 

Fuel oil 


34 

Fuel pressure. Improper 

431 

Fuel pumps, hand 


204 

Engine 


205 

Gear 


205 

Pesco 


207 

Romec 


206 

Vane 


206 

Wobble 


204 

Fuels 


4 

Fuel System, Diagram of 

191 

Gravity 


182 

Pump 


183 

Series 


204 

Requl rements 

181 

,184 

FUEL SYSTEMS 


181 

Fuel tanks 


184 

Function of engine 

parts 

14 

Fuse 


225 


Feathering propeller 305 
Peeler gage 105 
Piles 110 
Pilling tuhing (for bending) 195 
Filter, Oil 216 
Finishing tubing 196 
Fire extinguishers 394 
Pirepolnt 436 
Firing order 19,24,26,30,32 


Fitting fuel lines 
Fitting piston rings 
Fittings, Attaching 
Fittings, Flared 
Fittings, Pipe 
Flange -mounted magnetos 
Flaring tools 
Flash point 
Flexible control 
Flexible pipe connections 
Flexible tubing 
Flight operations 
Float level. Adjusting 
Float mechanism 
Flutter, Propeller 
Flux, Electrical 
Flux, solder 
Footpound 
Four stroke eycle 


193 
411 
198 
193 
191 
259 

198 
436 

61 

199 

200 
142 
156 

17,154,160 

335 

225 

118 

1 

1 


Gaskets 54 

Gases, Law of 3 

Gasoline, Requirements 435 

Gasoline, Source of 433 

Gasoline system. Care of 125 

Gages 106 

Dial 108 

Drill 108 

Fuel level 324 

Hydrostatic fuel level 324 

Oil tank 213 

Plug 106 

Ring 107 

Screw 108 

screw pitch 108 

Surface 107 

Thickness 105 

Generator field 243 

Generators . 239 , 297 , 308 

GENERATORS, STARTERS AND ' 297 
Generator installation 309 

Generator wiring diagram 310 

Glow pltigs 35, 

Gravity fuel system 181 

Gravity of oil and gas 436 

Ground (electrical) 225 

Hack saws 95 
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Hamilton Standard propellers 
Adjustable 338 


Constant speed 

342 

Hydromatic 

349 

Hainmers 

93 

Hand crank 

136 

Hand crank for starters 

301 

Hand inertia starter 

300 

Hand pumps 

204 

Hand starters 

297,300 

Hand turning gears 

297 

Handles, Control 

61 

Harness, Ignition 

262 

Heat resistant paint 

408 

Helix 

225 

Heywood starter 

298 

Hi^h tension 

225,253 

High tension brush 

253 

Hoisting engine 

388 

Hoisting sling 

400 

Hoists, Chain 

120 

Horizontally opposed englnes27,74 
Horsepower (h*p.) 

Brake 

8, 9 

Definition 

1 

Determination of 

7 

Electrical 

225 

Pull throttle 

10 

indicated 

7 

Maximum 

9 

Propeller load 

10 

Rated 

9 

Hose clamps 

59 

Hot spot 

51 

Hub, Propeller 

332 

Hub, Installation of 

366 

Hub nut 

332 

Hydrometer 

289,436 

Hydrostatic fuel level gage 324 

Ice formation in carburetor 53 

Idling system, Carb. 159 

,165,174 

IGNITION 

Ignition, 

250 

Advantages of battery 

260 

Advantages of magneto 

250 

Battery 

285 

Colls 

233 

Harness 

46,262 

Magneto 

260 

Shielding 

264 

System 18,66 

,250,260 

System requirements 

250 

Wire check 

381 

Wires 

245 

Impeller 

176 

Impulse coupling 

269,271 


Indicator diagram 

6 

Induction coiis 

231 

Induction systems 

66 

Inertia 

300 

Inertia starters 136 

,300,304 

Initial boiling point 

435 

In-line engines 

22, 64 

Inspection, 


Cylinders 

409 

Pistons 

411 

Prior to starting 

132 

Pushrods 

418 

Retaining washers 

417 

Rpcker arms 

417 

Spnrk plugs 

289 

Valve springs 

417 

Valves 

413 

Installation of, 


Batteries 

287 

Battery ignition 

286 

Engines 

388 

Fuel lines 

200 

Generators 

309 

Induction pipes 

422 

Intake manifolds 

422 

Magnetos 

628 

Power plant 

385 

pressure gages 

318 

propellers 

366 

pushrods 

422 

Spark plugs 

289,422 

Valves 

413 

INSTRUMENTS 

311 

Insulation 

225 

Insulator 

225 

Intake pipe 

13 

Port 

13 

Valve 

15 

Interference, Propeller 

333 

Inverted engines 

23 

Jet, Carburetor 

17,156 

Keys 

56 

Kicking, Engine 

136 

Kilowatt 

225 

Knuckle pin 

25 

Lagging oil system 

217 

Landing 

150 

Lapping propeller hub 

366 

Lead, weight 

441 

Letter sizes of drills 

445 

Level flight 

150 

L-Head cylinder 

38 

Liquid cooling system 

130 

Lobe, Cam 

16 



Lock seam 186 

Lord engine mounts 386 

Low tension 226 

Lubri cat ion 20,66,71, 84 

Lux Fire Extinguisher 394 

Magnetic field 251 

Magnetic poles 227 

Magnetic tachometer 314 

Magnetism 225,227 

Magnetism, Earth's 229 

Magneto, 

Booster 281 

Check 380 

Double 254 

Ignition 250 

Induction coils 233 

Maintenance of 271 

Scintilla 251 

Terminals 259 

Wrench 273 

Magnets 251,225,227 

Maintenance , 

Battery ignition 286 

Magnetos 271 

Oil system 220 

propellers 373 

Manifold, 

Exhaust 49 

Intake 175 

Pre a sure 145 

Pressure gage 318 

Mass 3 

Master rod 25,31 

Measures, 97 

Measure of capacity 440 

Measure of length 439 

Measure of weight 439 

Mechanical fuel pump 182 

M.E.P. ^ 

Metal propeller, one-piece 337 
Metric conversion table 442 

Metric measure 439 

Micrometer calipers » 101 

Mild carbon steel, weight 441 

Millimeter equivalents 443,444 
Mixture control, 

Carburetor 160,165,167,172 

Chit 1®'7 

Use of 144,147,148 

Moimting instalment s 312 

Mounting propellers 366 


N.A.C.A. cowl 
Natural gasoline 
Nautical measure 
Needle valve, carburetor 


391 

435 

439 

161 


Negative 

226 

Nicks in propeller 

375 

N -Magnet os 

266 

Nomenclature, Propeller 

332 

Normalizing 

51 

Number sizes of drills 

445 

Nuts 

57 

Octane rating 

5 

Obms 

223,225 

Oil, 


Check 

378 

Consumption excessive 

431 

Cooler 

213 

Drains 

212 

Lines 

214 

Pressure improper 

431 

Pressure relief valve 

218 

Radiators 

213 

Specifications 

436 

Strainers, external 

215 

Systems, Diagram 

213 

Systems, External 

212 

Systems, Internal 

217 

Systems, Maintenance of 220 

Systems, Servicing 

128 

Tanks 

214 

Temperature control 

213 

Temperature gage 

213 

Vents 

213 

Painting cylinders 

408 

Parallel connections 

235 

Parker fittings 

193 

Parts, Engine 

13 

Passivating 

61 

Patches, on tank 

186 

Performance charts 

10 

PERIODIC CHECK 

377 

Pesco pumps 

207 

Petrole\m 

433 

Pickling 

51 

Pinging 

6 

Pins 

56 

Pipe fittings 

191 

Piping, Oil 

212 

Piston 2,13, 

14,39,66 

Cleaning 

410 

Displacement 

9 

Inspection 

411 

pin 

13 

Removal 

409 

Piston rings. 

13,16,40 

Fitting 

411 

Gap clearance 

412 

Pitch, Propeller 

10,333 

Plug gage 

106 


AIRCRAFO? KNOINE MAINTENAHCR 


468 


Plumblxig, Check 

Plywood, weight 

379 

441 

Pyrene fire extinguisher 

397 

Polarity 

225 

Radial, Single-row 

30,76 

Positive 

225 

Radial, Twin-row 

30,85 

Pour-point 

437 

Reamers 

111 

Power compensator, 


Reclaiming oil 

438 

Chandl e r-Gro ve B 

173 

Reduction gear. Propeller 

82 

Power, Definition 

1 

Refaclng valves 

415 

Power, Factors affecting 

5 

Refining of gas and oil 

433 

Power impulses 

19,24,30 

Refueling 

126 

POWER PLANT INSTALLATION 

385 

Relief valves 

202 

Power stroke 

6 

Removing, 


PRELIMINARY CONSIDERATIONS 1 

Engine 

400 

Pressure gages 

316 

Cylinder connections 

403 

Pressure warning unit 

328 

Cylinders 

404 

Primary bridge 

253 

Platon rings 

410 

Primary circuit 

226 

Platons 

409 

Primary winding 

253 

propeller 

366 

Primers 

209 

Tight nuts 

402 

Priming 

138 

Valve mechanism 

406 

PRINCIPLES AND TYPES 

13 

Repairs on cowling 

393 

Prony brake 

8 

Requirements of airplane 


PROPELLERS 

332 

engine 

3 

propellers. 


Requirements of oil 

436 

Area 

333 

Reseating valves 

416 

Check 

381 

Resistance, Electrical 

223,226 

Efficiency 

333 

Reverse current cut-out 

310 

Etching 

373 

Ring gage 

107 

Flutter 

335 

Ring, Manifold ignition 

262 

Installation 

366 

Rocker arm inspection 

417 

Interference 

333 

Rocker arms 

13 

Load, h.p. 

10 

Romec pumps 

206 

Propellers, 


Root, of propeller blade 

332 

Maintenance 

373 

Rosin, for filling tubes 

195 

Nomenclature 

332 

R.P.M. 

6 

Pitch 

333 

Rules, steel 

98 

Puller 

Pulling 

366,369 

134 

Runnlng-ln time 

426 

Speed reduction gear 

82 

Safeties 

67 

Theory 

333 

Safety disc, on starters 

300 

Types 

336 

Safety gap 

253 

Protection of fuel lines 

201 

Sand for filling tubes 

195 

Puller, propeller 

366 

saw. Hack 

95 

Pulling propeller 

134 

S.B. Magnetos 

256 

Pirnips, cooling liquid 

46 

Scales, steel 

98 

Pumps , fuel 

204 

Scavenger pump 

23 

Engine 

205 

Scintilla magnetos 

250 

Hand 

204 

Types of 

261 

Pesco 

207 

scintilla wrench 

273 

Romec 

206 

3 C magnetos 

254 

Wobble 

204 

Screw drivers 

92 

Punches 

94 

screw extractors 

115 

Purity of gasoline 

436 

Screws, Cap 

156 

Pushrod housings 

13 

Seams, of tanks 

185 

Installation of 

422 

Secondary circuit 

225 

Removal 

404 

Secondary winding 


Pyralln, weight of 

441 

Section, propeller blM# 

55$ 



imwL 


469 


Series connection 
Servicing oil system 
Servicing the engine 
S P magnetos 
Shells^ Spark pliig 
Shielding, Cutting 
Shielding, Ignition 
Shipment, Preparing 
engine for 
Shutting off enginre 
Slapping engine 
Slip, Propeller 
Slipstream 
Soldering 
Soldering fittings 
Soldering, on tank 
Soldering washer 
Solenoid relay 
Solenoids 
Solenoid switch 
Spark plugs 13 

Assembly 
Check 

Cleaning cores 

Disassembly 

Inspection 

Installation 

Removal for overhaul 

Shells 

Terminal s 

Testing 

Tools 

Specific gravity, of 
electrolyte 
Spixmer, propeller 
Spline shaft. 

Installing propeller on 
Removing propeller from 
Spray, Cleaning 
Spruce, Weight of 
Stacks, Exhaust 
Staggered sparks 
Stainless steel tanks 
Starter engaging device 
Starters, 

Breeze 
Cartridge 
Coffman 
Combustion 
Direct electric 
Electric 
Hand inertia 
Hand turning 
Heywood 
Injection 
Hon-aleotrlo 
Operating of 


234 

STARTERS AID GENERATORS 

297 

128 

Starter switch 

304 

125 

Starting the engine 

134 

256 

Starting relay 

304 

293 

Static electricity 

126 

266 

Storage batteries 

236 

264 

Storage, Preparing engine for 398 


Straight run gasoline 

434 

398 

Strainers, Carburetor 

152 

151 

Strainers, Cleaning 

127 

254 

Strainers, Fuel 

210 

333 

Straining gasoline 

126 

333 

Stresses, in propellers 

334 

117 

Stroke 

3,6,14 

191 

Studs 

55 

185 

Suction gages 

318 

259 

Sump, 


304 

Fuel 

184 

230 

Oil 

212 

304 

Wet & Dry 

212 

,291 

Supe rchargers 

83,175 

294 

Surface gage 

108 

381 

Surging 

184 

292 

Switch, Ignition 

263 

291 

Switch, Starter 

304 

292 

Synchronized sparks 

277 

296 

Synchronizing magnetos 

266 

402 

Base-mounted 

266 

293 

Bendix 

269 

260 

pl ang e -moimt ed 

268 

295 

SB and SP 

269 

294 

With Impulse couplings 

269 

289 

TABLES 

439 

332 

Tachometers 

312 


Installation of 

388 

369 

Tank, 


371 

Construction 

184 

132 

Installation 

190 

441 

Patches 

185 

48 

Repair 

184 

277 

Straps 

190 

189 

Taps and Dies 

112 

306 

Tap drill sizes 

447 


Tap sizes 

114 

299 

T.D.C, (Top dead center) 

3,5 

299 

Temperature conversion table 442 

299 

Temperature gages 

319 

299 

Temperature too high 

432 

306 

Terminals 13 

, 225,245 

304 

Terminals, Spark plug 

260 

300 

Teme plate tanks 

185 

297 

Testing bomb 

296 

298 

Testing valves 

414 

298 

Thermal efficiency 

6 

297 

Themocouples 

322 

134 

Thermometers 

319 



470 


AIRCRAFT ENGINE 

MAINTENANCE 

Thermometers, 


Valves (Cent *d) 


Vapor type 

319 

Relief 

R02 

Electric Resistance 

321 

Removing 

406 

Thermostatic relief valve 

214 

Reseating 

415 

Thlclmess gage 

105 

Shut-off 

209 

Thread dimensions 

447 

Spring ins pec t Ion 

417 

Threads, Cutting 

112 

Springs 

13,17 

Three port engine 

19 

Spring testing 

417 

Thrust, Propeller 

333 

Timing 

424 

Timing, 

16,18 

Viscosity 

215 

Battery ignition 

286 

Vane pumps 

206 

Disks 

112 

Vee typo engine', s 

1 ’5 , 68 

Engine 

424 

V ent a , 03 1 s y s t: mi 

212 

Valves 

424 

Venturi tube, Carbure: 

tor 158 

Timing magnetos 

266 

Vibration 

431 

Base -mounted 

266 

Vibration absorbers 

385 

Bendix 

269 

Viscosity 

437 

Double 

268 

Viscosity valves 

215 

Flange-mounted 

268 

Volatility 

455 

On geared engines 

267 

Volumes 

441 

SB and SP 

269 

Volt 


Tipping propeller blade 

332 

Voltage 

* '22 , 4,! 25 

Tip, Propeller blade 

332 

Voltfige regulator 

308,510 

Tit ef lex tubing 

200 



Top center indicator 

123 

Warming up 

134,140 

TOP OVERHAUL 

400 

Washer, Soldering 

259 

Torque aim 

8 

Water In gasoline 

126 

Torque overload release 

297,303 

Watt 

226 

Tower shaft 

25 

Weights of substances 

441 

Track, Propeller 

333 

Wet siunp 

23 , 212 

TROUBLE SHOOTING 

428 

Wire gage 

446 

Tube benders 

197 

Wobble pump 

204 

Tube cutters 

196 

Wooden propellers 

336 

Turbo superchargers 

197 

Work 

1 

Twenty-five hour check 

378 

Wrenches 

8B 

Tvrln-row radial s 

32,85 

Adjustable 

90 

Two port engine 

19 

Box socket 

89 

Two stroke cycle 

19 

Monkey 

90 



Scintilla 

275 

Unit of heat 

2 

Socket 

89 

Unit of work 

1 

Stillson 

91 

Unpacking engine 

388 

Torque 

91 

Upright engines 

23 

Uses of 

91 



Wrench openings 

441 

Valve action. Checking 

382 

W - Type engine 

27 

Valve operating mechanism 

66,69 



Assembly 

419 

X Type engine 

27 

Removal 

406 



Valves 14,40,65,78 

Yoke rod 

26 

By-pass 

202 



Checking 

423 



Clearance 

423 



Combination 

203 



Grinding 

414 



Grinding compound 

121 



Installing 

413 



Refacing 

415 






